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DISCUSSION 

PRESENT DAY WATEll FILTRATION 

By George A. Johnson 

A paper read at the March meeting of the New York section and 
printed in Journal of the American Water Works Association, 
Vol. 1, No. 1, at pp. 31-80. 

Mr. John H. Gregory: The author has presented a paper which 
contains mucli of interest to water works engineers and superintend- 
ents interested in filtration, and there is much in the paper with 
which the speaker is in hearty accord. There are, however, some 
phases of the subject on which the speaker holds somewhat differ- 
ent views from those of the author, among which may be men- 
tioned the questions of the cost and difficulty of securing sites for 
slow sand filters and those of the cost of both slow and rapid sand 
filters. 

The author states: 

It is true, on account of the much greater area required, the cost for land 
is far greater in the case of slow sand filtration systems than for rapid sand 
systems. Roughly, other things being equal, land will cost twenty times as 
much for a slow sand filter installation as for a rapid sand plant. 

There is but little question that, under ordinary conditions, th<> 
cost of land for slow sand filters will exceed that for rapid sand 
filters, owing to the larger area required, but that it will amount 
to as much as "twenty times" that for slow sand filters is open 
to question. Those who have had experience in acquiring land for 
water works projects know that, even if only a small piece of land 
is required on which to locate the works, but that this piece of land 
is a portion of a much larger tract, the purchaser might often as well 
buy the whole tract of land as to buy only a small portion of it. 
Thus it may readilj^ be that, in acquiring a site for rapid sand filters, 
much more land would be actually purchased than needed simply 
for the plant. It may be that the area required for the construc- 
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tion of a slow sand filter plant will be twenty times that required for 
a rapid sand filter plant but that the land will cost twenty times as 
much does not necessarily follow. 
In discussing further the question of site the author states: 

Furthermore, in large projects, it is often difficult conveniently to locate 
a site for slow sand filters, while for a rapid sand filter plant it is a relatively 
easy matter as a rule. If it is necessary to go a long distance in locating an 
extensive and suitable area of land for a slow sand filter site there is incurred 
a large expense for a conduit to bring the filtered water to the city. 

The inference might be drawn from this that it has been exceed- 
ingly difficult to secure sites for large slow sand filter plants, but the 
history of many of the plants which have been built will hardly 
bear out this inference. 

In commenting on some of the plants which the author mentions 
in the table on page 69 the speaker might say that he has been per- 
sonally connected with seven out of the fifteen plants mentioned and 
is familiar with the reasons which led to the selections of the sites 
on which these works were built. It is, of course, necessary to have 
land on which to build filters, whether of the slow or rapid sand type, 
but in the selection of a site local conditions are often a very im- 
portant factor. 

At Albany, New York, for example, practically the first ground 
available on which filters of either type could be built and which 
could be purchased at a reasonable price, was that on which the 
slow sand filters were actually built, just north of the city fine. It 
happened that there was another tract of land a little nearer to the 
existing water works pumping station, to which the filtered water 
was to be delivered, where it would have been possible to build 
either slow or rapid sand filters. To have acquired land there, how 
ever, for either type of filters, would have been very expensive. 
The site on which the filters were built had another advantage in 
that the intake there would be further away from local sources of 
pollution; at Albany the Hudson River is tidal; the sewage from the 
city was and still is discharged into the river without treatment and 
on flood tides there is often an upstream current which carries some 
sewage with it. It will be seen then that other factors than simply 
area of land alone may have a bearing. 

At Pittsburgh, Pennsylvania, as far as the speaker is aware, no 
difficulty was found in securing a site for the slow sand filters which 
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plant is one of the largest in the world. The filter plant is located 
directly across the Allegheny River from the Brilliant pumping 
station, from which most of the water used in the city is pumped. 
It is true that it was necessary to build conduits under the river to 
bring the filtered water to the pumping station, but the case would 
have been the same if rapid filters had been built instead, for, if the 
speaker's memory is correct, the best site on which filters of either 
type could have been built was that on which the slow sand filters 
were constructed. 

For the four slow sand filter plants in Philadelphia mentioned by 
the author, namely, Torresdale, Upper Roxboro, Lower Roxboro 
and Belmont, and of which the speaker had charge of the design, 
no trouble was experienced in securing suitable sites. 

As regards the Lower and Upper Roxboro filter plants, local 
conditions were of the greatest importance in that it was necessary 
to utilize existing reservoirs as settling basins, as well as existing 
pumping stations and pipe lines. Somewhat similar conditions ex- 
isted with reference to the Belmont plant although in this case there 
was no reservoir which could be utilized as a settling basin. 

The Torresdale slow sand filter plant is the largest single plant in 
the world, and if difficulty had been experienced in securing suitable 
sites for such works it would naturally be expected to have occurred 
here. Such was not the case, however, and the plant was built 
inside the city limits. It is true that the plant was located some 
distance up stream from the closely built-up part of the city, and 
that a conduit about 2^ miles in length was constructed through 
which filtered water is delivered to the Lardner's Point pumping 
station, but it was good judgment on the part of the city authorities 
to locate the works where they did. 

The Delaware River at Philadelphia is tidal and is polluted by 
the discharge of sewage from the city, and it was to avoid pollution 
as well as to secure a site that the plant was built as far upstream 
as it was. It might be added further that the city has already con- 
structed a small sewage disposal works just below the Torresdale 
filter plant, where sewage is treated and the eflBuent disinfected before 
discharge into the river, in order to guard against raw sewage from 
the nearest point reaching the intake of the Torresdale filters. Had 
rapid sand instead of slow sand filters been built at Torresdale there 
is no question in the speaker's mind but that such a plant would 
have been built as far upstream as were the slow sand filters. 
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One might fancy possibly tiiat trouble would be experienced by 
the city of New York in securing sites for filters. Such is not the 
case. Over ten years ago the commission on additional water sup- 
ply, in its investigations for an additional water supply for New 
York City, looked into the question of filter sites not only for the 
additional supply but also for the Croton supply. Sites were found 
where slow sand filters could be built in close proximity to the exist- 
ing Croton Aqueduct, and sites for slow sand filters were also found 
and surveyed where the additional supply could be filtered along the 
line of the proposed new aqueduct. Some years later the depart- 
ment of water supply actually prepared detailed plans for a slow 
sand filter plant for the Croton supply, on a site located in New 
York City, namely, in the east basin of Jerome Park Reservoir, 
the construction of which was suspended pending a decision as to 
the filtering of the supply. In the case of New York City it is not 
a question of going a long distance and building an expensive con- 
duit to get a filter site, but rather a question of going a long distance 
and building an expensive conduit to get water. 

At Cincinnati, Ohio, the rapid sand filter plant, which is the 
largest of its kind in operation in the world, was built well upstream 
above the city where plenty of land was available for either rapid 
or slow sand filters. The filtered water is discharged through a 
long conduit to the main pumping station from which it is pumped 
to the reservoirs in Eden Park. This plant was built for the future 
as well as for the present and it was good judgment to locate the 
plant as far upstream as it is. 

At Columbus, Ohio, the rapid sand filters were built at some little 
distance upstream above the city. It was a case here of going up- 
stream to get out of the flood zone, although sufficient land for 
either rapid or slow sand filters was available nearer the city. At 
the point where the plant was finally built there was sufficient land 
for either rapid or slow sand filters. In acquiring the land for this 
particular plant it was found that it would be about as cheap to 
acquire the whole tract of land on which the works were built as to 
acquire only so much of the same as would be needed for the plant 
alone. 

Perhaps enough has been said to point out that factors other than 
the area of land alone have to be taken into account, for slow as well 
as for rapid sand filters, in selecting a suitable site. 

The author also considers, in the table on page 69, the cost of 
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construction of different types of filters. It is exceedingly difficult 
to compare satisfactorily the costs of construction of different plants, 
even where the fullest information regarding the same is available. 
Those who are not well posted as to the history of some of the plants 
cited in the table may possibly be misled as to the cost of building 
both slow and rapid sand filters if they accept the figures of the 
author without full knowledge of local conditions. 

One of the features which very materially affects the cost of such 
works is the total reservoir capacity provided, that is the combined 
capacity of the settling basins and of the clear water reservoirs. 
To illustrate: The rapid sand filter plant at Little Falls, New Jersey, 
which, in the author's table is the most expensive one cited, and 
which cost $15,000 per million gallons daily capacity, has a coagula- 
ting basin capacity of 1.3 hours and a filtered water reservoir capacity 
of 2.6 hours, or 3.9 hours total reservoir capacity. At Columbus, 
Ohio, the rapid sand filter plant, which the author states cost $13,000 
per million gallons daily capacity, the next to the highest in cost 
cited, has a settling basin capacity of 12 hours and a filtered water 
reservoir capacity of 8 hours, making a total reservoir capacity of 
20 hours, or five times as much reservoir capacity as that of the Little 
Falls plant. If the reservoir capacity of the Little Falls plant had 
been approximately that of the Columbus plant the cost of construc- 
tion of the Little Falls plant would have been materially increased 
over that given by the author. Again, the New Orleans rapid sand 
filter plant might be cited, which has 35.2 hours total reservoir 
capacity, or practically nine times as much reservoir capacity as 
that of the Little Falls plant. Other factors which affect the cost 
of construction are the character of the raw water, the rate of fil- 
tration, the character of the construction of the works, etc. 

In his reference to the Albany slow sand filter plant the author 
gives its capacity as 20,000,000 gallons daily. The Albany plant 
as originally built before the pre-filters were added, had a capacity 
of 15,000,000 gallons daily. The addition of the pre-filters increased 
the capacity of the plant very materially so that at the present time 
the capacity is probably in the neighborhood of 28,000,000 gallons 
daily. If the capacity is taken at 28,000,000 instead of 20,000,000 
gallons daily the cost of the plant would be about $14,300 instead 
of $20,000 per million gallons daily capacity as given by the author. 

The Philadelphia slow sand filter plants were expensive plants to 
build. They differ in one way from many of the other filters of 
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the same type that have been built in that, underneath the filter 
floors and carried up all around the sides of the filters, is a layer of 
puddle. This item alone materially increased the cost of construc- 
tion. The Lower Roxboro and Upper Roxboro plants were built 
on high ground in an isolated section several miles from the near- 
est railroad, and the cost of delivering materials to such plahts was 
higher than would ordinarily be the case. 

In the cost of the Lower Roxboro plant the author did not 
include the cost of the Lower Roxboro reservoir which was built 
many years before, and which supplies settled water to the filter 
plant. Again, a similar condition exists at the Upper Roxboro 
filter plant with regard to the settling basin. The New Roxboro 
reservoir was built some ten years earlier than the filter plant, and 
the author has not included its cost in the cost of the filter plant. 
Strictly speaking, the costs of the reservoirs should be included 
in the costs of these two plants so that the figures would be com- 
parable with the costs of the other slow sand filters cited. 

The Philadelphia plants were built during a regime of very high 
prices, and to use the costs of construction of these plants to indicate 
the reasonable cost of slow sand filters may be very misleading 
except to those who are familiar with the early history of these 
works, and who are aware that the costs were high and that the 
plants could be duplicated at less cost. 

The largest slow sand filter plant under construction in America 
at the present time is at Montreal, and, when completed next year, 
will have a capacity of 60,000,000 United States gallons daily. 
The total cost of the plant, on the basis of the lump sum con- 
tract prices, including the low lift pumping station, will be about 
$22,600 per million gallons daily capacity. Deducting the low lift 
pumping station the cost will probably be about $21,000 per million 
gallons daily capacity. 

It would have been interesting if the author had cited the cost 
of the slow sand filter plant which was completed at Toronto about 
two years ago. This plant has a capacity of 48,000,000 United 
States gallons daily, assuming one-sixth of the filter area to be held 
in reserve, and based on a rate of filtration of 6,000,000 United States 
gallons per acre daily, the rate for which the plant was designed. 
The cost of the plant, omitting the low lift pumping station, was 
only about $12,700 per million gallons daily capacity. 

In considering the weighted average cost of slow sand filters given 
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by the author, namely $32,600 per million gallons daily capacity, 
it may be well to bear in mind that the Montreal plant will cost only 
about $21,000, that the Albany plant cost about $14,300 and the 
Toronto plant only $12,700 per million gallons daily capacity. 

In referring to the cost of rapid sand filter plants the author cites 
the Columbus plant as costing $13,000 per million gallons daily 
capacity. This plant was designed and built under the speaker's 
direction and is a water-softening as well as a rapid sand filter plant. 
The cost of this plant was given in great detail in a paper^ read by 
the speaker some years ago. The speaker is not informed as to what 
items the author included in arriving at the cost of the Columbus 
plant, but in the speaker's judgment the Columbus plant, considered 
as a rapid sand filter plant alone, cost nearer $15,000 than $13,000 
per million gallons daily capacity, the figure given by the author. 

Another rapid sand filter plant which the author might have cited 
is that at Toledo, Ohio, the cost of which was published in the 
Engineering Record, November 26, 1910. Part of the plant was 
built for a capacity of 60,000,000 gallons daily, although the pres- 
ent capacity of the works is considerably less. Including only such 
items as are chargeable to the filter plant proper the works cost about 
$14,500 per million gallons daily capacity. 

Another rapid sand filter plant which might have been cited is 
that at Grand Rapids, Michigan. The plant was completed inside 
of the last two years and has a capacity of 20,000,000 gallons daily. 
The cost of the plant, as given to the speaker by the Grand Rapids 
officials last year, including such items as are chargeable to the 
filter plant proper, was $16,300 per million gallons daily capacity. 

In December, 1912, the city of New York received bids for a rapid 
sand filter plant to be located at Jerome Park reservoir and having 
a capacity of 320,000,000 gallons daily. The speaker is more or 
less familiar with the plans for the proposed Jerome Park filters 
as he served as one of a commission of engineers appointed by the 
board of estimate of New York City to report on the same. Taking 
the lowest bid received and adding to it the cost of the buildings 
and other necessary work, the Jerome Park filter plant, which would 
have been the largest rapid sand filter plant in the world, would 
have cost about $18,400 per million gallons daily capacity. When 
the plant is built, and it is greatly to be hoped it will be built soon, 

• Tra IS. Am. Soc. C. E., vol. Ixvii, 1910. 
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the actual cost will probably be in the neighborhood of $20,000 per 
million gallons daily capacity, as much of the excavation for the 
plant has already been completed. 

The author gives the cost of the Cincinnati rapid sand filter plant, 
which has a daily capacity of 112,000,000 gallons, as $11,400 per 
million gallons daily capacity, and states that the cost of the large, 
plain sedimentation basins is not included. At Cincinnati there 
are two large settling basins to which the raw water from the Ohio 
River is pumped. The water is first settled in these two basins, 
and is then delivered to the coagulating basins at the filter plant. 
There is no question in the speaker's mind but that the settling basins 
are part of the filter plant at Cincinnati, but just how much of the 
cost of the same should be chargeable to the filter plant may be a 
question. Mr. J. W. Ellms, the superintendent in charge of the 
filters at Cincinnati, in a paper printed in the Journal of the Asso- 
ciation of Engineering Societies in January, 1912, states: 

The settling reservoirs, which have a capacity of 330,000,000 gallons of 
available water, are in part a portion of the water purification plant, although 
they also serve the purpose of storage basins and were designed for such a 
use quite as much as they were for sedimentation purposes. 

The two settling basins cost $1,521,000, or about $13,600 per 
million gallons daily capacity of filter plant. Adding this cost to 
that of the filter plant would give a total cost of $25,000 per million 
gallons daily capacity. As the settling basins serve as storage reser- 
voirs also it may be reasonable to charge the filter plant with per- 
haps only half their cost. On this assumption the cost of the settling 
reservoirs chargeable to the filter plant would be $6,800 per million 
gallons daily capacity, thus making the total cost of the filter plant 
$18,200 per million gallons daily capacity. 

Still another plant which the author might have cited, and among 
the best in the country, is that at New Orleans, which has a capacity 
of 40,000,000 gallons daily. Including only such items as are charge- 
able to the filter plant proper the cost of the New Orleans plant was 
about $30,200 per million gallons daily capacity. 

The weighted average cost of the Columbus, Toledo, Grand Rapids, 
Cincinnati and New Orleans rapid sand filter plants, is $18,600 per 
million gallons daily capacity, while the author gives a weighted 
average cost for rapid sand filters as $12,100. In other words, the 
weighted average cost of the five plants just cited, all of which are 
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in operation and which are among the best in the countrj'^, is over 
50 per cent higher than the weighted average cost given by the 
author. 

The speaker has but Httle further to say on the subject of cost 
except that, in his judgment, the weighted average costs as given by 
the author are too high for slow sand filters and are too low for 
rapid sand filters. Similarly the fixed charges on the costs of con- 
struction would respectively be too high for slow sand and too low 
for rapid sand filters. 

The speaker is not presenting any brief for slow sand filters. The 
rapid sand filter is more flexible than the slow sand filter and in the 
majority of cases in the United States is better adapted to the purifi- 
cation of water than is the slow sand filter. The slow sand filter 
has done and is still doing good work in this country, and the present 
status of water purification is, to a large extent, due to the intro- 
duction of the slow sand filter. 

Mb. George C. WrilPPLE (by letter): The writer believes most 
thoroughly in mechanical filtration. He also believes in sand filtra- 
tion, and does not agree with Mr. Johnson that this method is becom- 
ing obsolete. 

It is perfectly true that there have been more mechanical filters 
introduced during recent years than sand filters. This is wholly 
proper and natural, for, as he states, a majority of American cities 
use waters for which mechanical filtration is better adapted than 
sand filtration, namely, turbid waters and colored waters. It is 
also true that the possibility of disinfecting water readily and at 
low cost by means of liquid chlorine or calcium hj'^pochlorite has 
somewhat broadened the field of the mechanical filter. These facts 
are well known to all sanitary engineers, most of whom, however, 
will not admit that sand filters are obsolete. To do so would be to 
ignore the filtration practice of a very large part of the world. 

Mr. Johnson has given an excellent historical review of the sub- 
ject, and he has done well in emphasizing the very great need of 
careful supervision of all filter plants, whether sand or mechanical. 

The section of his paper devoted to the relative costs of slow sand 
and rapid filtration is incomplete, misleading and illogical. His fig- 
ures are of little use to engineers, and it is to be hoped that they will 
not be quoted in such a way as to mislead laymen unfamiliar with 
the subject. 
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In the first place, no statistics of cost are given, but merely the 
rate of cost per million gallons capacity. The reader, therefore, 
has no opportunity of ascertaining in what manner the computations 
are made. In some cases also the figures are quite evidently unre- 
liable, as the footnotes to the tables themselves indicate. In the 
second place, figures are given for only fifteen filter plants out of 
several hundred which are now in operation. In the third place, the 
final comparison of cost is based on weighted averages, which unduly 
emphasize the costs of the plants of larger capacity. The very 
great range in the few costs that are given emphasizes the need of 
great caution in using them. 

A comparison of the cost of filtration by the two processes is, 
of course, a matter of interest, but it must be a general, rather than 
a specific interest, for in any particular case the true comparison 
is between the cost of the two processes applied to local conditions. 

Again, the statement that slow sand filtration is out of its element 
where chemicals are required is absurd. One only has to study 
the cost and results of filtration at Washington, D. C, and at Spring- 
field, Massachusetts, to learn that chemicals may be economically 
applied with great benefit to waters filtered by slow sand processes. 

Another statement to which exception should be made is: 

The hygienic efficiency of water filtration processes measured by the reduc- 
tion in typhoid fever may be said to be about 70 per cent. 

The hygienic efficiency is actually far greater than this, being 
nearer 100 per cent than 70 per cent, that is to say, practically all 
of the water-borne typhoid fever is eliminated. It is well known 
that typhoid fever is transmitted in many other ways than by public 
water supplies, and in measuring the efficiency of water filtration 
these should be entirely left out of the count. The author is quite 
right, however, in saying that both sand and mechanical filtration, 
if properly operated, are capable of preventing the spread of water- 
borne diseases, and from a hygienic standpoint, there is little to 
choose between the two methods. 

Quite as much depends upon the manner in which the filters are 
operated as upon the type of filter installed. Poor operation of 
mechanical filters is likely to do more damage than poor operation 
of slow sand filters. The greatest difference, however, is not so 
much dependent upon the type of filtration as upon the size of the 
plant. Generally speaking, the large plants receive a much higher 
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degree of supervision than smaller plants, and one of the problems 
which sanitary engineers have most at heart at the present time is 
that of securing more efficient operation of small filters. Until better 
supervision can be secured, it is wise to utilize the natural purifying 
influences that come with long storage to as great an extent as possi- 
ble. From a hygienic standpoint storage is of greater benefit to 
a small water works than to a large water works system. 

In conclusion, the writer feels that most water works superin- 
tendents will sympathize with King James, referred to by Mr. 
Johnson, preferring shoes that are easier for the feet to those that 
phich and produce corns and bunions. It seems to the writer that 
it is high time for engineers to cease talking about the relative merits 
of sand filtration and mechanical filtration, in fact most sanitary 
engineers have long since done so, and recognize that both sand and 
mechanical filtration have their proper place in water works practice. 

Mb. p. a. Maignen: The speaker has had no time to read the 
paper before this morning and has just run through it and finds 
two passages which give occasion for saying a few words. The 
author, on page 39, states: 

The residual turbidity in the effluent of this preparatory process is caused 
by suspended matter in a state of fine sub-division. This matter, when applied 
to slow sand filters, penetrates deeply The penetration of sus- 
pended matter into the beds is sometimes as great as 10 inches. 

Now it may be asked: Is this penetration of fine mud into the 
interstices of the sand a good or a bad thing? Is not the filtration 
likely to be of better quahty? Do not the filters work longer with- 
out cleaning? At the origin of slow sand filters it was usual in 
London and Paris to run raw water on to the filters to fill up the 
interstices of the sand at the surface and make that once celebrated 
thing which was called Schmutzdeke. The only objection that can 
be made to the deep penetration is that when the sand has to be 
cleaned more of it has to be handled, but then it goes longer with- 
out cleaning so that the cost per million gallons of water filtered is 
not materially different, and if anything, the filtrate is probably 
better. It was to obviate this penetration that an artificial Schmutz- 
deke was designed of fine fibre such as asbestos fibre, or of other 
fine filtering material, such as coke or charcoal, to be deposited on 
the surface of the sand at the beginning of an operation as the mud 
of the raw water used to be applied. 
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The first work done in the way of preliminary filtration in this 
country was done in Philadelphia, at the Lower Roxboro Plant, 
after a very elaborate and prolonged study in the laboratory and 
experimental plant, and also in the testing plant of the city of Phila- 
delphia at Spring Garden Street. This study has clearly established 
the fact, for the first time in the history of filtration, that it would 
be possible to obtain a speed of 6,000,000 gallons per acre per day 
from slow sand beds instead of 2,000,000 or 3,000,000, previously 
obtained. The prehminary filtration was then found to remove 
from 60 to 75 per cent of the suspended matter and of the bacteria, 
and of course rendered the work of the final filter easier and safer. 
A second system of preliminary filtration was installed at Belmont 
Station of the city of Philadelphia water purifying system. Pre- 
liminary filtration has been applied with considerable success and 
rendered possible the effective work of the filter plants designed for 
South Bethlehem and Lancaster. 

Too much should not be expected from preliminary filtration. 
It was not intended to retain the fine suspended matter referred 
to above. Its very words show that it was to retain the coarsest 
materials, and by one of those unexplained phenomena the bacterial 
efficiency of this coarse filter has been extraordinary, averaging fully, 
when properly conducted, 75 per cent. If the chemical treatment 
of water is objected to, there is no other way known to the speaker 
to make the slow sand filters effective, when the water is charged 
with the fine suspended matter in question, but to use an artificial 
Schmutzdeke on the sand itself. 

The author of the paper, on page 79 refers to: 

That slow sand filters, without the aid of costly preparatory treatment, 
cannot efficiently purify such waters as those of the Hudson River at Albany, 
the Delaware River at Philadelphia, the Potomac River at Washington, and 
the Allegheny at Pittsburgh. And even with preliminary filters there are 
cases where not only the appearance of the slow sand filtered water is at times 
unsatisfactory. 

This can be done by means of an artificial Schmutzdeke, but spe- 
cial design of the filter beds is to be resorted to for the proper dis- 
tribution of same as was done at Lancaster and Bethlehem. 

Mb. W. C. Hawley: The results given for the Pittsburgh filter 
plant are extremely interesting and probably explain the reason 
why so little has been printed regarding the operation of that plant. 
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The conditions in the Allegheny River are extremely difficult to 
handle, and while in the light of the state of the art at that time, 
doubtless good judgment was used in deciding upon a slow sand 
filter plant, it is at least probable that, if the problem was to be 
considered today, mechanical filtration would be adopted. 

It may prove of interest to give, by way of comparison, results 
obtained by a mechanical filter plant filtering water obtained from 
the Allegheny River only a short distance, perhaps 1000 feet, above 
the intake of the Pittsburgh plant. This plant was built in 1909-10 
by the Pennsylvania Water Company. 

The Pennsylvania Water Company was supplying at that time 
a population of about 80,000 people and large industrial establish- 
ments, and was pumping about 10,000,000 gallons a day. The 
companj'' had been obtaining its supply for some years from filter 
cribs located in the bottom of the Allegheny River, which have been 
described so frequently that it is not necessary to go into that matter 
at this time. The filter plant was designed to take advantage of 
the purification which the cribs would perform, thereby reducing 
the work to be done by the filter plant. This not only reduced the 
cost of the filter plant, but our experience has demonstrated the 
advisability of the use of similar cribs, to a certain extent at least, 
in filter plants similarly located. The advantage of these cribs is 
that they give a water of more or less uniform alkalinity, always 
sufficient to react upon the coagulant, and a material reduction 
in bacteria, turbidity and color. This is because a considerable 
proportion of the water taken from the cribs comes from an under- 
ground source and is not merely filtered from the river. 

Tiie filter plant is of the ordinary mechanical type with an ulti- 
mate capacity of 20,000,000 gallons a day. It was originally equipped 
for 10,000,000 with two extra filter imits provided, which have since 
been equipped, making the capacity of the plant at the present time 
12,500,000 gallons a day. The plant is located upon the hill back 
of the pumping station at a distance of about one mile, and at a 
total elevation of about 620 feet above the river. The water is 
delivered into two sedimentation basins of a capacity of about 
1,500,000 gallons each. Coagulant is added as water enters the 
basins, and more coagulant may be added at the baffle wall half 
way across the basin, or as the water flows from the basin to go to 
the filter beds. Hypochlorite of lime may be added at the baffle 
wall or at this last point. As the water from the cribs is very low 
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in turbidity, it has been found advisable to add some raw river 
water. This gives softer water, and the small amount of turbidity 
thus added aids sedimentation. 

This plant was put into operation in July, 1910. During July 
and August the gauges, controllers, etc., were tested and regulated, 
but it was not until September that regular records were kept. 
Hypochlorite was not added until November, and has been used 
regularly since that time. A comparison of the results with those 
obtained at the Pittsburgh plant is interesting. The average num- 
ber of bacteria per cubic centimeter in the water as it entered the 
sedimentation basins for the last four months of 1910 was 5200, 
ranging from a monthly average of 350 in September to 14,130 in 
December. The average number of bacteria per cubic centimeter 
in the filtered water for the four months was 78, with monthly aver- 
ages ranging from 15 in September to 114 in December, with maxi- 
mum counts of about 250. The colon bacillus was found in 10 out 
of 21 samples of raw water, and in only 2 out of 289 samples of the 
filtered water. Alum used averaged 0.82 of a grain per gallon, and 
the hypochlorite 0.036 of a grain per gallon. 

For the year 1911, the average number of bacteria per cubic centi- 
meter in what few river samples were examined was 16,870, and in 
the water as it entered the sedimentation basin 4718. In the fil- 
tered water the average for the year was 14, with monthly averages 
ranging from 62 in January to 3 in July. Colon bacillus was found 
in 661 samples out of 771 of the water as it came to the sedimenta- 
tion basins, and in 17 out of 1047 samples of the filtered water 
examined. The average coagulant for the year was 0.92 of a grain 
per gallon, and the hypochlorite 0.041 of a grain per gallon. The 
average amount of water pumped per month was a little over 
250,000,000 gallons. 

For the year 1912 the results were about the same as for 1911. 

During the first two years of operation it was, of course, necessary 
to experiment, in order to determine the most efficient method of 
operating the plant. The improvement is shown by the detailed 
figures which follow for the operation of the plant for 1913: 
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During the year 1913 the colon bacillus was found in 473 out of 
531 samples of the river water examined, and in 784 out of 1065 
samples of the water as it entered the sedimentation basins. It 
was found in 2 out of 1062 samples of the filter water and in none of 
1038 samples of tap water which were examined. 

J. N. Chester: The speaker always feels grateful to any one who 
will prepare and arrange such tables and such a volume of statistics 
accompanied by intelligent comments as Mr. Johnson has furnished 
in this paper. If, however, in the compilation of this, the attitude 
has been assumed that there is a conflict between slow sand filters 
and rapid sand filters and the cudgel has been taken up on either 
side by the writer, the speaker is not in accord with his attitude. 
It is the speaker's belief that every situation presents its own prob- 
lems, which the engineers of this country are able to solve, and that 
the information we have in this paper will assist greatly in the solu- 
tion of such problems. 

The speaker is very glad that Mr. Gregory has furnished addi- 
tional data and that he has corrected such statements as he feels 
are erroneous. Cities are differently situated; they have different 
waters to handle; and with Mr. Gregory the speaker agrees that a 
rapid sand filter is much more flexible and therefore adaptable to a 
much larger number of situations than is a slow sand filter. The 
cost of rapid sand filters as given by Mr. Gregory for average results, 
are more in accord with the speaker's experience on the larger and 
better built plants than the figures that appear in the paper. Of 
course slow and rapid sand filters have in many instances been built 
at as low as $10,000 per million gallons capacity, and may be found 
lower than that; but when you analyze the elements that have 
entered into those plants, the reason is plain. We always feel when 
we give an estimate of less than $15,000 per million gallons that 
we must cut something out to do it, especially if we are going to 
build a larger sized plant, which ordinarily costs more than a small 
plant per million gallons, because the large plants have more frills, 
they have more to cater to from the side of ethics and civics and 
other things of that sort. When, fifteen years ago, we were 
building mechanical filter plants we thought of nothing but the 
tub and the clear water basin, and that was generally very small. 
Then we talked about building them at a cost of from $8,000 to 
$10,000 per million gallons. Later we got to storing larger quan- 



482 DISCUSSION 

tities of clear water and acknowledged the necessity of sedimenta- 
tion basins. Probably all of you remember when we built without 
sedimentation basins; and now we are building more expensive filters 
using concrete instead of steel or wood; and thus the cost of the 
mechanical filters has been going up instead of down. 

The speaker will not attempt to take up the cudgel for either slow 
sand or mechanical filters. The matter of location and land has been 
pretty thoroughly discussed by Mr. Gregory, and the speaker heartily 
concurs in his statement that they are governed by circumstances and 
may be one thing in one place and another thing in another place. 

There are, however, some things in this paper to comment on here 
that do not relate to the cost but to other matters. It has been 
pretty well admitted that slow sand filters are not adaptable to 
extremely turbid water; and when the selection of slow sand filters 
was made in Pittsburgh, it was considered that Pittsburgh was 
just about on the edge of the zone of turbidity that would permit 
slow sand filters; and, as has been the case in other instances, it was 
found afterward that the preliminary tests and determinations that 
were made prior to the building of that filter did not reveal sub- 
sequent high peaks, although they got high peaks that year. And, 
of course, you know the outcome is that other arrangements have 
been made to keep down those peaks. The statement that we have 
2000 p.p.m. more turbidity there is correct; but even those tur- 
bidities are small as compared with rivers further west. Mr. Mont- 
fort could testify to some higher turbidities they have in his neigh- 
borhood. At Kansas City, St. Joseph, and other points along the 
Missouri River you will find what sedimentation basins must do, 
and then if you reflect a few minutes you will find that the design 
of the plants in those neighborhoods should be somewhat different 
from the design of the plant in Pittsburgh where the turbidities are 
but 2000 and below instead of 10,000 and sometimes above as in 
the case of the western waters. 

The comments on the use of lime, or the necessity of using lime, 
to prevent the CO2 and consequent red waters, is underestimated 
by the author, at least in some districts. In our Pittsburgh districts 
at least, and in many others, there are periods of the year when the 
addition of lime even though the alkalinity does not require it, is 
an absolute necessity to prevent excessive CO2 in the water and 
consequent red water results. These are annual occurrences, and 
not occasional ones in the Pittsburgh district, but they are occa- 
sional in many other districts. 
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Mr. James M. Cairo: The writer regrets that he was unable to 
be present when this valuable paper was presented. The paper 
treats with great detail the progress made in this country in the 
art of water purification. It would be interesting to know exactly 
what is being done abroad, and if slow sand filtration is as popular 
as formerly, or if there has been a change to the American or me- 
chanical filters. 

There has been very little advancement in the constructive fea- 
tures of slow sand filters in this country. The improvements have 
been chiefly in the method of removing and washing the sand. At 
Wilmington, Delaware, the sand is washed in the beds, and up to 
the present time this method has been a success at this plant. 

At the present time there are few slow sand filters in this country 
where the method of operation has not been changed. The changes 
consist of larger settling basins, pre-filters, coagulation and ster- 
ilization. 

In the colder climates the slow sand filters are very difficult to 
operate owing to the formation of ice on the beds; this of course 
requires a greater construction as well as operating cost. 

It is true that the bacterial efficiencies decrease during the colder 
months, but the most trouble is with the slow sand filters which 
become readily, "air bound." 

In this country there are about 480 filtration plants with a com- 
bined capacity of 2,565,000,000 gallons daily, 450 or 93.7 per cent 
are of the American or mechanical type and furnish 1,745,000,000 
gallons or 68 per cent of the filtered water. 

Originally the great difference between the two methods of fil- 
tration was the use of a higher rate and coagulants by the American 
or mechanical filters. At the present time about all the slow sand 
filters are using coagulants and thereby are able to operate at a higher 
rate, so that they are following the example of the American method. 

Albany having had considerable trouble in operating the slow 
sand filtration plant, pre-filters have been installed. A sterilizing 
agent is now in use and if the writer has been correctly informed a 
coagulant is used for at least part of the time. 

At Rensselaer (East Albany) New York, population 11,000, there 
is a mechanical filter operating on Hudson River water, the same 
supply as is used at Albany, but on the Troy side of the river and 
therefore containing more sewage than the Albany imfiltered water. 

This plant uses sulphate of alumina as a coagulant and also calcium 
hypochlorite. 
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Table showing bacterial efficiency and typhoid fever death rate, per 100,000 popu- 
lation, Rensselaer, N.. Y. 


TBAB 


EFFICIENOT 


TTPHOID BATE 


1910 
1911 
1012 
1913 


per cent 
98.75 

99.84 
99.96 
99.71 


28.0 

18.7 
9.3 
0.0 


Average 


99.56 


14.0 






1900-05 




67.5 







Typhoid fever reduction 79.3 per cent. 

The Washington case was most peculiar in that both methods 
of filtration were tested experimentally, the results showing that 
the American or mechanical process did the better work, yet in the 
face of these facts a slow sand filter was installed. At the time 
great objiections were raised against the use of coagulants; however, 
it has been found that satisfactory results could not be obtained 
without the use of a coagulant, and this method is now in use in 
connection with the slow sand filters. 

In 1901 there was an inquiry held by the United States Senate 
Committee on the District of Columbia on the purification of the 
Washington water supply, at which hearing great stress was laid 
upon the fact that at Elmira, New York, they used mechanical 
filters and that there were ten deaths from typhoid fever the year 
before the filters were installed and eleven deaths the year the plant 
was placed in operation or an increase of 10 per cent in the death rate. 

The first year the Washington plant was in operation there was 
no great reduction in the typhoid fever death rate and a very ex- 
tensive investigation was made to learn the cause. 

Table showing typhoid fever death rate per 100,000 population at Washington, 
D. C. and Elmira, N. Y. 



TBAB 


WABHINQTON 


ELMIRA 


1907 

1908 
1909 
1910 
1911 
1912 


36.0 
39.0 
33.0 
25.0 
22.0 
23.0 


28.0 
30.7 
33.5 
26.9 
13.3 
15.9 


Average 


29.6 


24 7 
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These results show that during the same period the Elmira typhoid 
fever death rate averaged 16.6 per cent less than that at Washington. 

The Elmira situation is rather peculiar in that there are about 
one thousand wells in use, and the water company is unable to close 
these wells. The State Board of Health in a recent examination of 
fifty wells reported that 65 per cent contained B. coli-communis. 
When the history of a typhoid fever case shows that a patient used 
water from a certain well, the local board of health have the water 
examined, and if B. coli-communis is found, the well is closed. The 
wells are not examined until such time as they fall under suspicion. 

The water supply of Elmira is divided as follows: 25,000 using 
filtered water, 5000 using well water and 5000 using a mixture. 

The Elmira typhoid fever death rate for the year 1913 was 10.5 
per 100,000 population. During the six years 1907-12 there was 
a total of fifty-three deaths in Elmira from typhoid, seven or 13.2 
per cent claimed to have used nothing but well water, while twenty 
or 37.7 per cent of the deaths, were among cases imported to the 
local hospitals. 

The average number of bacteria in the Washington filtrate was 
54 per cubic centimeter, while the Elmira average was 40 per cubic 
centimeter or 26 per cent less. The Elmira unfiltered water con- 
tained 10,907 bacteria per cubic centimeter while the Washington 
contained 1930 per cubic centimeter, or 82.4 per cent less. During 
the past year the Elmira filtered water contained an average of nine 
bacteria per cubic centimeter. 

There is no statement in Mr. Johnson's paper as to the media 
used for the bacterial work. At all plants with which the speaker 
is connected, the efficiency of the plants is based upon the bacterial 
growth on gelatin for forty-eight hours as 20°C. 

If there ever were two places where American or mechanical fil- 
tration should have been installed they are Philadelphia and Pitts- 
burgh. The Pennsylvania Water Company, Wilkinsburg, Pennsyl- 
vania, supplies several of the suburbs of Pittsburgh. American or 
mechanical filters are used, the supply being obtained from filter 
cribs in the Allegheny River and also river water direct. This 
water is thoroughly aerated, sulphate of alumina being added before 
aeration, after which the water passes through a coagulation basin 
and calcium hypochlorite is added to the water before it enters the 
filters. 
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Table showing results, Wilkinsbwrg, Pa. 





BACIBBIA PKB CC. 


BBIIOVAL 


CHEMICALS 




Raw 


FUtered 


Alumina 


Hypo 


1911 
1912 
1913 


4,051 

7,953 
6,266 


36 
31 

4 


per cent 
99.12 
99.62 
99.64 


0.93 

0.92 
0.92 


0.035 

0.044 
0.058 


Average — 


6,090 


24 


99.61 


0.92 


0.046 



The filtered water is always free from color and turbidity, aeration 
and coagulation removing the iron. 

The Baltimore County Water and Electric Company, Baltimore, 
Maryland, operate a slow sand and also mechanical filters on the 
same water at their plants located at Avalon, Maryland. As far 
as the writer knows, this is the only place in this coimtry where the 
same unfiltered water is used for both style filters. 

The American filters remove practically all of the color and tur- 
bidity, which is not the case with the English filters. 

Average results four years, 1908-11, Avalon, Md. 



BACnsBIA PBB CC. 


B. COU 1 CC. SAMPLES 


Raw 


Eng. FUtration 


Am. Fatiation 


Raw 


Enc. Filtration 


Am. Filtration 


2,662 


38 


24 


■per cent 

63.6 


per cent 
3.12 


per cent 
1.72 



From reading Mr. Johnson's paper, one would be led to believe that 
there never had been any trouble with any filters of the American 
or mechanical type. During the past few years there have been 
some changes in the type of strainer systems, and the speaker knows 
of three plants where the new strainer system has given out within 
a short time after being placed in operation, and where trouble has 
been experienced in getting a uniform washing of the beds. It is 
the speaker's opinion, that the old method of strainer heads is to be 
preferred to the use of the wire screens placed over the gravel. 

There is no question but that the American or mechanical filters 
are able to treat any water which can be treated with slow sand 
filters, and that mechanical filters can treat water which caimot be 
treated by slow sand filters. 
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Sulphate of alumina is the best coagulant, and can be used for all 
waters. Sulphate of iron and lime do not give good results with a 
water containing high vegetable colors. 

Mention is made of the socalled "red water plague" and that it 
is thought to be more pronounced where sulphate of alumina is used 
as a coagulant. The amount of sulphate of alumina used as a coagu- 
lant has been greatly reduced since the hypochlorite process has 
come into use. The use of calcium hypochlorite tends to still further 
reduce the amount of free carbonic acid in the water and hence any 
action from this cause is reduced. The speaker has had great success 
from the use of hydrated lime in absorbing carbonic acid, and it 
is also of great value in making up the deficiency in alkalinity. 

No matter which type of filter is in use, it must have proper care 
or its operation will be a failure. 

Mb. J. W. Ellms {by letter): Mr. Johnson has clearly set forth 
in this paper the development of the art of water filtration, and the 
important position which it holds in the field of general sanitation. 
He presents statistics of a convincing character, showing the greater 
adaptability of the system of rapid sand filtration to the waters of 
the United States, than that of slow sand filtration. With his views 
on this matter the writer is in entire accord, and believes that no 
other logical conclusion than that stated by the author can be drawn 
from the facts. 

The effect upon the health of a community of the substitution of 
a filtered water supply for one that had been used unfiltered, and 
which was known to be badly polluted, is no more strikingly shown 
than in the case of the city of Cincinnati, where filtered Ohio River 
water was introduced in the latter part of 1907 in place of the raw 
river water. The writer has compiled some mortality statistics for 
a period of six years before and after the mtroduction of filtered water, 
and believes they may be of interest in connection with this paper. 

The accompanying table (marked table 1) gives in detail the 
actual number of deaths, and the rate per hundred thousand of popu- 
lation for a number of the more common diseases, and for all causes, 
for a period of thirteen years. Some of the specific diseases listed 
are probably in part water-borne, such as typhoid fever, diarrhoea, 
enteritis and dysentery; others may be so disseminated, while some 
of them are probably not transmitted by water at all. As the year 
1907 was one in which unpurified Ohio River water, both from the 
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TABLE 2 

Average death rates per 100,000 of population, Cincinnati, Ohio, and the per- 
centage increase or decrease from certain specified diseases, andfrom all causes 
for periods between 1901 and 1906, both incliisive, and 1908 and 191S, both 
inclusive. 





BATE 


AVSBAGE PERCBNT<OB 




1901-1906 

Unfiltered 

vater 


1908-1913 
FUtered water 


Increase 


Deci«a8» 


Typhoid fever 


58.7 

120.0 

8.5 

149.0 

242.6 
19.8 

5.2 
10.8 

9.8 


10.2 
101.5 

2.4 
106.4 

234.6 

12.5 

7.3 

8.3 

10.2 


40.4 
4.1 


82.6 


Diarrhoea and enteritis. . . 
Dysentery 


18.5 
71.8 


Pneumonia 


28.6 


Tuberculosis (lungs and 


3.3 


Diphtheria 


36.9 


Whooping cough 




Scarlet fever 


23.1 


Measles 








All causes 


1899.3 


1697.2 




10.6 







old and the new water works' intakes, was supplied to the city, as 
well as filtered water during the last two months of the year, it may 
be omitted when making a strict comparison of death rates for the 
two periods. 

The reductions in the death rates in the filtered water six-year 
period, 1908-1913, from those in the unpurified water six-year period 
1901-1906, are given in the accompanying condensed table (see 
table 2). In each disease, except whooping cough and measles, 
there has been a reduction in the rate, ranging from 3.3 per cent to 
82.6 per cent, these diseases being tuberculosis of the lungs and 
larynx, and typhoid fever, respectively. For all causes of death 
there has been a reduction of 10.6 per cent. In typhoid fever the 
reduction has been most marked, with dysentery next in order of 
the diseases listed. Increases in the rates are shown only in the 
case of whooping cough and measles. The net reduction in the 
death rate for the group of diseases listed which constitute 32.9 
per cent of all the causes for deaths in the first period, is practically 
21 per cent. The reduction in deaths from this group of diseases 
had the effect of lowering the death rate from all causes by 6.9 per 
cent. Since the net reduction in the rate from all causes is 10.6 
per cent, it is evident that about two-thirds of the reduction resulted 
from fewer deaths from the diseases listed in this group. 
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While there is no doubt that water-borne diseases have tended 
during the past six or seven years to reduce the total death rate in 
Cincinnati, other sanitary improvements have also played an impor- 
tant part. The education of the public in matters of sanitation 
must eventually have an effect upon the death rate from disease; 
but this effect is bound to be gradual and would fail to show the 
marked reduction in the rate exhibited in Cincinnati following the 
first year of use of filtered water. The conclusion that a purified 
water supply has reduced the total death rate in Cincinnati seems 
to be reasonable. 

Mb. Geokge W. Fuller {by letter): Mr. Johnson's interesting 
and instructive paper points to a conclusion with which the writer 
ifi in general accord, namely, that sand filters are less satisfactory 
for the vast majority of water purification projects in the United 
States than is mechanical filtration. The former have been pushed 
into fields where their accomplishments have developed well-defined 
shortcomings in point of efficiency or economy or both. 

In making the above statement it is to be clearly recognized that 
there are some exceptions to all rules, and in this regard the legiti- 
mate scope of sand filters probably has a field, limited as it is, from 
which other forms of water purification are not likely to drive them 
out. Nevertheless as the field of water purification has broadened 
so as to include the muddy water supplies from surface streams the 
applicability of mechanical filters has asserted itself more and more 
strongly. For those supplies requiring coagulant in order to bring 
about satisfactory purification, there is no room for doubt as to the 
superiority of mechanical filters under all ordinary circumstances. 

Twenty years ago sand filters were used in treating a few fairly 
clear waters along the Atlantic seaboard. Then all water works 
men were timid and most engineers were afraid to advise filtration 
for the heavily clayladen waters of the South and Middle West. 
This was the time when the Providence filter tests to decolorize the 
local water were under way, and when the late Mr. Hermany was 
projecting his elaborate tests for demonstrating the practicability 
of mechanical filters in purifying the muddy Ohio River water. For 
several years water purification accomplishments were confined 
largely to exhaustive scientific tests into the merits and demerits 
of different types and arrangements. Mechanical filters prior to 
that time had had considerable ingenuity displayed in their design 
from the standpoint of mechanical arrangement, but hygienically, 
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their standing was predicated on careful tests at Providence, Louis- 
ville, Pittsburgh, Cincinnati and elsewhere. 

When the choice of the type of filter arose at Washington, there 
was a great agitation on the part of the local medical profession 
against the use of coagulating chemicals and against the hygienic 
efficiency of mechanical filters based on their accomplishments in 
practice. So far as scientific studies carefully conducted on the 
two types of filters were concerned, there was no room then for 
deciding that either type possessed any decided advantage over the 
other. Each would be satisfactory. But when it came to rating 
the standing of the two types of filters upon the basis of the influence 
which plants of each kind had produced upon the death rate of 
cities where they had been installed, both European and American 
evidence gave the advantage to sand filters. 

The splendid record of achievement by mechanical filters during 
the past dozen years or more changes that evidence materially, in 
that the accomplishments in reducing the death rates in the case 
of mechanical filters compare most creditably with corresponding 
data upon sand filters. That is, the mechanical filter has emerged 
from the test-filter-and-laboratory-demonstration style of evidence 
upon which to rest its credibility, and it stands today on its record 
of successful service as the prevailing type of filter in the United 
States in the treatment of water supplies when due regard is given 
both to efficiency and economy. 

To the writer's thought, the two types of filters are entitled to 
equal standing in point of efficiency when each filter is properly 
built and operated, as should always be the case. 

Some may find fault with Mr. Johnson's conclusion as to the 
comparative hygienic efficiency as shown by typhoid fever death 
rates hi communities served by the two types of filters. The basis 
of this would be, of course, that the two types of filters do not neces- 
sarily deal with the same type of raw water and that the water con- 
sumers in the different cities are not subjected to the same general 
sanitary conditions, some of which, rather than the quality of the 
public water supply, are substantial factors in explaining the preva- 
lence of typhoid fever. 

In some measure a similar criticism might be made as to the rela- 
tive costs of filtration in different places, where there are known to 
be differences in the costs of labor and materials and in other local 
conditions affecting cost. Whether construction costs represent fair 
profits to the builder, which should always be the case, is another 
point which should not be taken for granted. 
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However, considering the whole story along broad lines, as is the 
obvious intent of the author, there seems to be no sound basis for 
taking serious exception to his conclusions, which essentially are 
"that in the efficient and economical solution of the vast majority 
of water purification problems in the United States, the rapid sand 
filtration process is superior to the slow sand process." 

Mb. Charles B. Buerger {by letter): The selection of the type 
of filter most suitable to any particular water, under such conditions 
that neither slow sand nor rapid sand is immediately ruled out by 
obvious considerations, forms, for each locality, a problem in itself; 
sometimes this is a difficult, sometimes an easy one to decide. Gen- 
eralizations drawn from a number of plants must be taken with 
much caution, as the difi'erences of conditions, design, local high or 
low costs of construction and operation, make comparisons difficult. 
Averages are still more unreliable. 

We find on page 69 of Mr. Johnson's paper a table of first costs. 
These are no doubt representative, but there are many well-known 
plants running away from these averages. Among them may be 
mentioned : 

Slow sand plants, double filtration per mgd. 

Queen Lane, Philadelphia, Pa. (75 mgd. ) $25,000 

Montreal, P. Q., Canada (60 mgd. Under construction) 25,000 

New York, N. Y. (320 mgd. Projected) 38,000 

Rapid sand plants 

Steubenville, Ohio (6 mgd. Under construction) 22,000 

Evanston, 111. (12 mgd. Under construction) 17,000 

Jackson, Miss. (4 mgd. Under construction) 17,000 

Niagara Falls, N. Y. (16 mgd.) 16,000 

New Orleans, La. (Carrolton plant. 40 mgd.) 40,000 

Toledo, Ohio (34 mgd.) 17,000 

Flint, Mich. (8 mgd.) 18,000 

New York, N. Y. (320 mgd. Projected) 23,000 

While the Cincinnati cost for a rapid sand filter may for any 
particular projected work be a better guide than the New Orleans 
cost, it is equally true that the Queen Lane or the Montreal cost 
may be a better guide than the Torresdale. Operating costs, too, 
must be considered with reference to the local conditions. For 
instance, the 1911-12 cost per million gallons of $4.01 at Washington, 
D. C, includes a pumping station cost of $1.24, leaving only $2.77 
for the cost of filtration proper. 

While emphasizing the needs of special consideration for any new 
case, the writer feels compelled to endorse Mr. Johnson's conclusion 
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that the usual proper decision will be in favor of rapid sand filtra- 
tion. And particularly it should be recorded that even where the 
total annual charges, including capital and operating costs, are 
slightly less for a slow sand plant without chemical treatment, a 
proper business judgment will lead to a reservation of the excess 
investment. A higher cost of construction is not justified if it saves 
alone its interest in later operation charges; there must be a recog- 
nition of the removal of this useful capital from other fields of service 
and its potential earning power or service value in these other fields. 

Mr. Johnson's reference to the difiiculties which have been experi- 
enced with the Philadelphia Torresdale filters brings up a feature 
worthy of comment. The Torresdale prehminary filters were the 
first of their type, and there was no precedent to indicate, except 
in a general way, what their design should be. The successful Little 
Falls filter was based on fifteen years of indifferently successful trial 
with filters of the same principle, and after most elaborate scientific 
studies at Louisville and Cincinnati. A scrubber or preliminary 
filter designed in 1902, after fifteen years of use of preliminary filters, 
may show markedly improved results. 

The differences between this Torresdale design of 1907 and the 
Montreal design of 1910 indicate possible lines on which better 
results might be obtained. 



T0BR1GSDA1.B 



UONTREAL 



Maximum filter head. 
Thickness sand bed. . 
Size sand (effective) . . 



4.5 feet 

12 inches 

0.8 to 0.9 mm. 



12 feet 

30 inches 

0.5 to 0.6 mm. 



A limiting feature in the design of the Torresdale preliminary 
filters arose out of a peculiar local situation. Mr. Fred C. Dunlap, 
in 1907, chief of the Bureau of Water, and designer of this plant, 
found that his predecessor had purchased the raw water pumps 
without any intention of building or making any provision for these 
preliminary filters. He was working on the assumption that he could 
install water meters and cut in half the necessary water supply. The 
available pump head was thus 6 feet less than originally contem- 
plated, and the filters were then designed to squeeze within this 
insufficient head. Mucli of the weakness of this plant may be 
attributed to a political rather than an engineering cause. 

After all has been said, however, a vote by engineers who have 
worked on this plant as to proper treatment for this Delaware water, 
would be unanimously in favor of coagulation. The combination 
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of occasional coagulation with the present equipment may eventually 
be found to make a highly satisfactory plant, even on the basis of 
total annual charges. 

Mb. Theodore A. Leisen: It seems to the speaker that the fullest 
possible discussion of this paper would be highly advantageous to 
the Association, and particularly along this question of comparative 
costs. Mr. Gregory has very ably discussed it and has given us a 
great deal of additional information. It is hoped there will be 
further discussion, whether written or otherwise. The matter of 
costs of filter construction is open to the same line of error that was 
referred to the other day in connection with comparison of rates 
of different cities. There are so many elements entering into the 
thing that it is very difficult to avoid being misled imless all of the 
various factors are thoroughly understood. For instance, the origi- 
nal Louisville filter, if we eliminate the pumping stations and some 
other elements that might strictly be considered part of the filter 
plant, would stand at roughly speaking about $20,000 per million 
gallons, and possibly over that. That is somewhat higher than any 
of the others mentioned here, it includes a larger clear water basin 
than the average. There is a recent addition to filters now nearing 
completion. But if the cost were given offhand without under- 
standing the matter it wOuld stand at about $5000 per million gallons; 
so that any comparison without having the thing thoroughly under- 
stood would be misleading. 

Regarding the turbidities, our record of the year is not here; but 
our turbidities at Louisville went up as high as 6000 p.p.m. last 
year, while 1000 is quite a common occurrence; and those waters 
could not be dealt with with a slow sand filter. In that case a 
mechanical filter is absolutely necessary. 

It is unfortunate that, in so maiiy of the discussions as to types 
of filter, too much prejudice seems to get into the question on the 
part of a number of people who have taken the thing up in recent 
years. There is a field for both the slow sand filter and the mechan- 
ical filter, and it is purely a question of judgment in each particular 
instance as to which one is to be used; but the matter ought to be 
discussed without any passion or prejudice whatever. Mr. Gregory's 
discussion brought that out and showed that he was looking at it 
from a purely fair-minded point of view. 

Mr. Robert Spurr Weston: The speaker read over Mr. John- 
son's paper with a great deal of interest, and the considerable time 
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required was well spent. Mr. Johnson has approached the subject 
from the standpoint of twenty years' experience, and has collected 
a vast amount of data which will be invaluable to water works 
operators and constructors from now on. The first reading of the 
paper left the impression of an argument in favor of mechanical 
filters; also the impression that the field in which the slow sand 
filter is operable is being rapidly diminished, and ultimately slow 
sand filters will disappear from use and mechanical filters will take 
their places. In other words, sand filters will pass out of use just 
as have Cornish engines. 

Now, much as the speaker commends Mr. Johnson's paper, he 
cannot avoid discussing the other side of the question, and hopes 
that he has had broad enough training and experience, and sufiicient 
acquaintance with all phases of the water purification problem, to 
be considered a practitioner in the field of water purification, rather 
than a partisan in favor of one of the two types of filters mentioned. 

Each locality has its problem and should attempt its own peculiar 
solution. Undoubtedly, many slow filters were built and installed 
where rapid filters should have been chosen. Pittsburgh and Wash- 
ing, D. C, are cases in point, and which have occurred in the writer's 
practice, but there are other cases where slow filters are not only 
more economical but more eflBcient than mechanical filters, and some 
of these cases are where high rates of filtration may be employed 
without detriment, because it is obvious that the cost of slow filters 
per million gallons decreases rapidly and inversely with the rate of 
filtration. 

Generally speaking most engineers who are competent in the field 
of water purification, that is, those who have studied the problem 
for a long time in connection with many types of waters, are agreed 
that mechanical filters are best where the color is over 50 parts and 
the turbidity over 30 parts per million, or where there are unusual 
fluctuations in the character of a stream, which ordinarily is but 
slightly colored or turbid. Again, there are other cases where the 
water is so clear that there are no nuclei to start the coagulation of 
the applied chemical, upon which coagulation the efficiency of me- 
chanical filters depends. To use mechanical filters in these cases may 
necessitate the addition of clay or other suspended matter to produce 
an artificial turbidity, or the use of an excessive amount of coagu- 
lant, so that the coagulant will precipitate by virtue of its large mass. 

Before this paper was written the speaker made some studies of 
the comparative costs of slow sand and mechanical filters for pre- 
sentation at a town meeting, and came to the conclusion that an 
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average cost of $14,500 per million gallons for mechanical filters, 
and a cost of $100,000 per acre for slow sand filters were good average 
figures. These figures are higher iu the case of mechanical filters 
and lower in the case of slow sand filters than given by Mr. Johnson. 
In Mr. George W. Fuller's report on the Montreal Water Supply, 
dated July 22, 1910, the cost of sand filters was estimated at $33,840 
and mechanical filters $21,091 per million imperial gallons daily 
capacity. The cost of slow sand filters per million gallons varies 
with the rate as the following table, assuming covered filters and 
appurtenances to cost $100,000 per acre, shows. 

Rate of filtration mgd. Cost per mgd. 

10 $10,000 

6 16,667 

5 20,000 

4 25,000 

3 33,333 

2.5 40,000 

The cost of mechanical plants generally varies with the character 
of the water, and the writer believes the estimates in the following 
table represent the best practice in plants of moderate size. The 
costs include the necessary subsiding and coagulating basins; also 
small filtered water basin or pump-well. 



Character of water 


Cost per mgd. 


Turbidity or color 




0-100 or 0-25 


$14,000 


100 - 300 or 25 - 75 


16,500 


300 upwards or 75 upwards 


18,500 



The above costs are higher than those of the largest and best 
plants constructed under favorable conditions, but lower than those 
of plants where unusual conditions prevail. 

A mechanical and a slow sand filter, each of 1,000,000 gallons 
daily capacity, designed and constructed under the speaker's super- 
vision during 1913, cost $16,000 for the mechanical and $18,000 for 
the slow sand plant. The cost of engineering for the mechanical 
filter was unusually high and the slow sand filter was in connection 
with a deferrization plant, where the costs included a coke trickier, 
15 feet high and 30 feet in diameter, and where the filter operated 
at 10,000,000 gallons daily rate. 

In the paper under discussion many references have been made to 
the hygienic efficiencies of plants treating waters which have been 
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disinfected with chlorine, and in many cases these have been com- 
pared with waters which have not been so treated. The cost of 
sand filtration depends upon the rate. In the early days, as will 
be remembered, slow filters were designed at rates of 2,650,000 gallons 
per acre per diem, and less, this rate being the German oflBcial rate 
of 100 vertical millimeters per hour. If bleaching powder be used 
to sterilize the effluent, there is no reason why this rate cannot be 
raised much higher than 6,000,000 gallons per acre, which is the 
maximum in ordinary present day practice. 

Apart from the cost and efficiency factors in some cases, the 
speaker is in hearty agreement with the conclusions of Mr. Johnson's 
paper, namely that the mechanical filter is an efficient and reliable 
sanitary machine, one that will reduce the death rate due to water- 
borne diseases. It is true that the zone in which slow filters are 
used is narrowing, while that in which mechanical filters are used 
is broadening, but the speaker still contends that there is still a 
field for the slow filter, namely, where clear waters have to be purified 
and where local conditions make the cost of water furnished by the 
slow filter less. In comparing the efficiency and economy of the 
two types, one should use the same basis. One should not compare 
the efficiency of filters where the effluent is sterilized with those 
where no sterilizing chemicals are used. 

Mr. James W. Armstrong: Some of the speakers in making their 
comparisons have given the cost of mechanical filter plants at prices 
from $15,000 to $20,000 per miUion gallons, and one of them sug- 
gested that in future the cost would probably be increased rather 
than decreased. The speaker does not believe that the added refine- 
ments which seem necessary in the larger plants need materially 
increase their cost per million gallons. With the proper design and 
arrangement of the various parts, a saving can be made in large 
plants which will more than offset the added cost of mechanical 
devices, as they are generally small in comparison with the total 
cost of the plant. 

The filter plant now being constructed for the city of Baltimore 
is to be equipped with all kinds of operating and regulating devices, 
and its total cost, exclusive of real estate and legal expenses, will 
be about $1,400,000 which is a little over $10,900 per million gallons, 
For the sake of comparison with other filter plants, the speaker 
would like to state that the Baltimore plant has 32 filter units, 
having a combined normal capacity of 128,000,000 gallons, supported 
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by groined arches above filtered water basins having a capacity of 
about 2,500,000 gallons, a mixing chamber of nearly half an hour's 
capacity, two coagulating basins with a combined capacity of three 
hours, two covered filtered water reservoirs with a combined capac- 
ity of about 15,000,000 gallons, a head house containing a completely 
equipped laboratory, and a complete mechanical equipment, an 
intake shaft and pumping station, containing electrically operated 
centrifugal pumps having an aggregate capacity of 160,000,000 gal- 
lons, two earth dams, one of which is to be faced with concrete for 
forming the storage basin for the wash water, and two larger con- 
crete wash water tanks. The entire filters are to be covered with 
a building. The superstructures of all buildings, including the gate 
houses, eight in number, are to be built of brick laid in cement 
mortar and covered with green tile roofs. 

Mb. John C. Trautwink, Jk. : The speaker draws some personal 
satisfaction from Mr. Johnson's paper, which implies that slow sand 
filtration may not, after all, be the Alpha and Omega of the art, 
and particularly from his figure 2, which shows that there are, at 
present, about 12,000,000 persons supplied with filtered water in 
the United States, whereas, in 1899, not much more than about one- 
tenth of that number were so supplied. The paper (and especially 
its fig. 2), seems to give him the melancholy satisfaction of saying: 
"I told you so." 

During the speaker's chiefship of the Philadelphia Bureau of Water 
(1895-99), there was no filtration of the Philadelphia water; and the 
City Fathers refused all appropriations for extensions and improve- 
ments. The Delaware water was polluted by the city's own sewage, 
and the Schuylkill water by the drainage from a densely populated min- 
ing and agricultural district with numerous cities and towns. After 
every rain, the Schuylkill water, for the first few days, was little 
better than liquid mud; and this was succeeded, a day or two later, 
by coal dust from the anthracite regions, making a tumblerful of 
Schuylkill water look like a tumblerful of ink. 

Filtration was actively discussed, but there was no thought of 
giving us the benefit of expert advice. Rapid (so-called "mechan- 
ical") filtration was well to the fore, disputing the supremacy of the 
orthodox slow sand filtration, which was disputed also by numerous 
other filtration devices. 

Recognizing his inability to decide off-hand between the claims 
of these several systems, especially in view of the fact that each 
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city and each river furnishes a problem of its own, the speaker urged 
that two of the smallest of our six stations, one on each of our two 
rivers, be made a practical experimental filter plant, composed of 
units representing the several approved systems of the day, and 
furnishing water, not merely for experiment, but for the actual sup- 
ply of the districts served. This would not only have demonstrated 
the advantages of filtration as appUed to our water, and improved 
the supply to the districts served, but would also have enabled us 
to decide between the claims of the conflicting systems. This, how- 
ever, was far too "scientific" a procedure for the City Fathers, who, 
in response, demanded plans and estimates for filtration plants 
sufficient for the entire city. 

With our engineering force consisting of three draftsmen, and 
one chief draftsman, the speaker set about responding to this demand, 
submitting plans involving the general adoption of slow sand filtra- 
tion; but (still recognizing the need of further light upon the sub- 
ject) provided for a rapid filtration plant in connection with one of 
the stations, viz., that at Queen Lane; and in this respect, he was 
followed by the experts of 1899, Messrs. Rudolph Hering, Samuel 
M. Gray and Joseph M. Wilson, who, in their plans, provided for 
a rapid filtration plant in connection with the Spring Garden or 
East Park System. 

But, when the final decision was made, the new administration, 
in whose behalf all appropriations had been held up, decided per- 
emptorily against the consideration of the rapid filtration system; 
and the city thereupon proceeded to the construction of its present 
$30,000,000 plant, composed, at first, entirely of slow sand filtra- 
tion beds; but, these proving inadequate to the demand, were later 
supplemented by preliminary filters. 

Mr. Johnson's figure 2 confirms the speaker's statement, made to 
the city councils during his chiefship, that the science and art of 
filtration were then in their infancy, and shows that the present 
tendency is to the increased use of rapid filtration. It thus indi- 
cates that it might have been well for us to take a little more time 
to make sure that we were right, before going ahead. 

The refusal (already mentioned) of the city councils to appro- 
priate money for extensions during the speaker's administration, and 
the open boast of local patriots that the appropriations were being 
deliberately held up in favor of the succeeding administration, led 
him to suspect that the cost of our works (quoted by Mr. Johnson) 
may have been higher than was absolutely necessary. 



500 DISCUSSION 

Mr. Robert E. Milligan: The speaker has noted one or two 
matters during the discussion that seemed to him to be in corrobora- 
tion of his own experience in mechanical filtration. This matter of 
costs as one may gather from the discussion is one very difiicult to 
accurately define. Frequently the speaker is asked to make an 
approximate estimate in advance. Some of these inquiries come 
from engineers themselves for information that can be easily gotten 
by the manufacturer from the very many filter plants that have been 
installed in the United States and other parts of the world. 

As a matter of fact, the speaker believes that Mr. Chester is in 
error in saying that large plants are not necessarily less expensive 
per million gallons than small ones; and Mr. Armstrong has men- 
tioned the fact that Baltimore is an instance of very low cost. In this 
connection it must be remembered that there are very few cases 
as yet of mechanical filtration plants of over 25,000,000, or say 
50,000,000 gallons, to compare any costs on; but probably the lowest 
price ever offered for a mechanical filter plant of great size was the 
recent offer in connection with Jerome Park, New York City, when 
the difficulties of labor and construction are considered; and this 
cost actually was approximately $15,000 per million gallons. Such 
plants as the one at Hackensack and Little Falls, New Jersey, 
ranging above 30,000,000 gallons capacity, have cost in the neigh- 
borhood of $15,000 per million gallons but, since they are very 
limited in subsidence, if compared are greatly in excess of the Jerome 
Park costs. Commonly small plants ranging from 1,000,000 to 
10,000,000 gallons, or 1,000,000 to 5,000,000 gallons will present 
very high costs if equipped with the large areas of subsidence com- 
mon to large filter plants as they generally carry with them machin- 
ery which increases the unit price very materially, such as blowers 
and wash pumps, and this cost is out of all proportion in the very 
small unit. Plants can be, and have been, designed of great effici- 
ency anywhere from 5,000,000 to 10,000,000 gallons at about $10,- 
000 per million gallons; at least that is the speaker's experience in 
the matter, and he is satisfied that similarly designed large plants 
would be considerably less per million gallons. 

In connection with Mr. Robert Spurr Weston's statement claim- 
ing greater efficiency for slow sand filters over mechanical filters in 
the removal of iron from ground waters, this is not based on any 
experience that the speaker is familiar with. As a matter of fact 
there are very few slow sand plants removing iron from ground water 
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in the United States; in fact, the speaker knows of none outside of 
New England; while all through New Jersey, where iron occurs in 
ground waters, there are many mechanical filtration plants, and in 
the west there are very notable examples, such as Iowa City and 
Freeport, Illinois, preferring the gravity type, most of the New Jersey 
plants being of the pressure type. Nearly all of the iron removal 
mechanical filtration plants operate too at the rate of about 250,000, 
000 gallons per acre a day and it should be borne in mind that while 
a slow sand filtration plant may successfully remove iron from ground 
water at the high rate of 10,000,000 gallons per acre, it is equally 
true that mechanical filter plants in many cases are removing iron 
satisfactorily at a rate of 250,000,000 gallons per acre. 

The speaker would like to say this, too, that in the development 
of mechanical filtration he believes that the pressure filter is becom- 
ing more and more effective. The pressure filter is probably the 
most abused form of filter that we have; and yet the work it has 
done, to those who have closely watched its performance, is very 
remarkable indeed. When the speaker says that it will come into 
its own, he does so because in these days, when chemicals are used 
without prejudice, sterilization is being depended upon for purifi- 
cation in the sanitary sense and the filter becomes more and more 
a clarifying and decoloring proposition, and because of the fact that 
the larger number of water supplies in the United States are clear 
waters, that is, waters not carrying turbidity beyond 150 or 200 
p.p.m., one can realize that a device so economical and so readily 
installed as the pressure filter must attract a great deal of atten- 
tion in this connection when absolute sterilizations can be had 
after decolorization and clarification by filtration. 

In the discussion of Mr. Johnson's paper at the New York Section, 
a very curious theory, that is curious to the speaker, was advanced, 
to the effect that, while filtration either slow sand or mechanical had 
reduced the typhoid rate to an average of above 75 per cent in cities 
employing it, where mechanical filtration had been installed no 
corresponding decrease in the total death rate occurred, whereas 
in the case of slow sand filters there was a notable decrease in both 
the total and the typhoid death rate. The speaker must confess 
that he did not feel in a position to contradict this at the time, 
although as a mathematical proposition it did not exactly ring right 
to him; but he has taken the trouble to have compiled a set of 
statistics that, in connection with Mr. Johnson's paper, will prove 
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very interesting, and bear out the more widely distributed data 
submitted by him. In general all these figures show that there is 
not what you might call a corresponding decrease with either slow 
sand or mechanical filtration as to the total death rate when you 
consider the very great decrease of the typhoid death rate. As a 
matter of fact, in the Rhode Island communities where statistics 
have been available disclosing both slow sand and mechanical results 
we get a total death rate reduction that averages about 10 per cent; 
while the total average typhoid death rate runs around 46 per cent. 
It should be remembered that Rhode Island is a great manufacturing 
center, employing transient and foreign labor. Herewith are sub- 
mitted these Rhode Island statistics for your inspection: 





East Providence mechanical fill 
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TIAR 


POPULATIOK 


TOTAL DEATHS 


RATB FSB 
1,000 


TYPHOID 
DEATHS 


TYPHOID 

BATB PEB 

100,000 


1891 


8,778 


144 


16.4 


3 


34 


1892 


9,170 


159 


17.3 


3 


33 


1893 


9,386 


150 


16.0 


2 


21 


1894 


9,773 


171 


17.4 


3 


31 


1895 


10,170 


160 


15.7 


7 


69 


1896 


10,572 


156 


14.7 


3 


28 


1897 


10,987 


163 


14.8 


2 


18 


1898 


11,432 


123 


10.8 








1899 


11,813 


141 


12.0 


2 


17 


1900 


12,138 


211 


17.4 


6 


50 


1901 


12,533 


162 


13.0 


1 


8 
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12,851 
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13.4 


4 


31 
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13,791 


229 


16.8 


4 


30 
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13,328 


204 


15.3 
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13,750 
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2 


15 


1906 


14,072 


221 


15.7 


2 


14 


1907 


14,395 


227 


15.8 


2 


14 


1908 


14,717 


213 


14.5 


2 


14 


1909 


15,396 


211 


13.7 


1 


6 


1910 


15,808 


233 


14.8 








1911 


16,220 


207 


.12.8 


1 


6 


1912 


16,632 


194 


11.7 


1 


6 



Average eight years before 

filtration 1891-1898 15 . 4 

Average fourteen years after 

filtration 189&-1912 14.3 

7 per cent reduction 



29 



15 



Comments on above table given to Mr. Milligan, April 27. 



48 per cent reduction 
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17.6 


39 


20 


1.12 


1906 


203,243 


3,816 


18.8 


40 


20 


1.05 


1907 


207,850 


4,001 


19.2 


17 


8 


0.42 


1908 


212,458 


3,570 


16.8 


35 


16 


0.98 


1909 


219,188 


3,535 


16.1 


28 


13 


0.79 


1910 


224,326 


3,982 


17.7 


40 


18 


1.00 


1911 


229,464 


3,598 


15.6 


28 


12 


0.78 


1912 


234,602 


3,722 


15.8 


25 


11 


0.67 



Average seven years before 

filtration 1899-1905 19.1 

Average seven years after 

filtration 1906-1912 17.1 

10 per cent reduction 



21 



14 



33J per cent reduction 





Bristol County mechanical filters 






TEAR 


POPULATION 


TOTAL 
DEATHS 


DEATH RATE 
1,000 


TYPHOID 
DEATHS 


TYPHOID 

RATE 
100,000 


TYPHOID 

PER CENT 

OF TOTAL 

DEATHS 


1900 


13,144 


297 


22.6 


4 


31 


1.35 


1901 


13,396 


240 


17.9 


7 


52 


2.92 


1902 


13,595 


250 


18.4 


2 


15 


0.80 


1903 


13,962 


277 


19.8 


2 


14 


0.72 


1904 


14,667 


264 


18.0 


5 


34 


1.89 


1905 


15,048 


296 


17.8 











1906 


15,429 


257 


16.7 


1 


7 


0.39 


1907 


15,809 


262 


16.6 


2 


13 


0.76 


1908 


16,190 


249 


15.4 


1 


6 


0.40 


1909 


17,091 


240 


14.0 


2 


12 


0.83 


1910 


17,602 


325 


18.5 











1911 


18,113 


303 


16.7 


1 


6 


0.33 


1912 


18,624 


296 


15.9 


2 


11 


0.67 



Average eight years before 
filtration 1900-1907 18 . 5 

Average four years after fil- 
tration 1909-1912 16. 3 

12 per cent reduction 



21 



66J per cent reduction 
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Newport (city) mechanical filters 



TBAB 


POPULATION 


TOTAL 
DEATHS 


BATB 
PEB 1,000 


TTPHOID 
DEATHS 


TTPHOID 

BATE 

PEB 100,000 


TTPHOID 

PEB CBHT 

OF TOTAL 

DEATHS 


1901 


22,403 


386 


17.2 


8 


36 


2.07 


1902 


22,670 


424 


18.7 


8 


35 


1.89 


1903 


23,233 


359 


15.5 


4 


17 


1.11 


1904 


24,438 


340 


13.9 


4 


16 


1.18 


1905 


25,039 


394 


15.7 


7 


28 


1.78 


1906 


25,559 


339 


13.3 


4 


16 


1.18 


1907 


26,241 


373 


14.2 


1 


4 


0.27 


1908 


26,842 


342 


12.8 


2 


8 


0.58 


1909 


26,727 


382 


14.3 


1 


4 


0.26 


1910 


27,149 


383 


14.1 


6 


18 


1.31 


1911 


27,571 


364 


13.2 


4 


14 


1.10 


1912 


27,993 


405 


14.4 


3 


11 


0.74 



Average nine years before 
filtration 1901-1909 15 . 1 

Average two years after fil- 
tration 1911-1912 13 . 8 

9 per cent reduction 



18 

12J 
31 per cent reduction 



Mk. F. a. Dalltn: The last gentleman's remarks regarding vital 
statistics present a very interesting problem. The speaker stated 
that he himself had gone into the matter a few months ago in con- 
nection with the typhoid death rates in Ontario. Deductions based 
upon the total deaths are of very little value taken by themselves. 
The significance of total deaths is badly interfered with by the fact 
that the infant death rate is included in the total deaths. The 
infant death rate in cities is usually abnormal, due to the presence of 
institutions in those centers. The institutional death rate has been 
simply terrific in past years. Actual investigation in Toronto and 
Ottawa, two centers which have institutions for infants, showed 
that the death rate in those cities is abnormal, being about three or 
four times the rate for the surrounding rural districts; the conges- 
tion and the institutions are the primary causes for this excess. The 
infant death rate in some centers is almost half the total death rate. 
Possibly the best method of making a comparison between cities 
would be to exclude the infant death rate under five years, which 
would leave a rate that is probably sympathic for typhoid, the total 
deaths and bad water suppUes. 
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Mr. Paul Hansen: The speaker does not wish to refute Mr. 
Milligan's statement with reference to pressure filters; but does wish 
to say that pressure filters should not be adopted except with extreme 
precautions and in exceptional cases. In the first place, pressure 
filters are very inaccessible; in the second place, if operated as pres- 
sure filters, it is not feasible to use coagulation and sedimentation 
preliminary to filtration. Therefore it is not easy to get as good 
results as with the open type of filters. 

In the state of Illinois we have one striking instance of how diflicult 
it is to treat water with pressure filters, owing to the fact that it is 
not possible to secure good reaction with the chemicals and the proper 
sedimentation preliminary to filtration; if pressure filters are applic- 
able at all they are applicable to waters that are already clear or 
nearly so, and which require merely slight filtration to give them 
the proper physical characteristics and then sterilization must be 
relied upon to take out objectionable bacteria. 

Mr. Charles B. Burdick: The author states at the conclusion 
of the paper that the average cost of rapid sand filtration is $5.70 
per miUion gallons, and that for slow sand filtration $7.33 per million 
gallons. The method for arriving at this cost is by taking the cost 
per million gallons of these plants and multipljong it by 5 per cent, 
that is, in computation of the fixed charges, and dividing it by 365, 
the number of days in the year. This computation of the fixed 
charges assumes that the plant operates at 100 per cent of its capacity 
throughout the year. The statistics of the several plants given here 
show that the various plants average very materially less than lOO 
per cent. Some of the plants noted, one particularly, have a per- 
centage of operation as small as 40 per cent and somewhere around 
85 per cent or 90 per cent is the highest rate, and that only in places 
where there are probably other sources of water supply than the 
particular plant mentioned. It is safe to say that throughout the 
life of a mechanical filtration plant or a slow sand filtration plant it 
is probable that the rate of delivery will not exceed perhaps two- 
thirds of the rated capacity day in and day out, under which circum- 
stances it will be necessary to add about 50 per cent to the fixed 
charges mentioned here, which will result in cost around $10 for 
slow sand filtration based on these figures of cost of installation, and 
$6.50 for mechanical filtration. 
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Mr. H. F. Dunham: While it is true that every new piece of work 
must be regarded as a separate affair or problem, the questions of 
the greatest interest in this discussion cling aroxmd those general 
features which are common to all installations; the element of risk 
is such a feature. It seems to have been overlooked; it is more 
apparent in some designs than it is in others, and is more a factor 
in some classes of construction than in others, but it always persists, 
and pertains to time intervals as well as to the incidents of construc- 
tion, and the failure of work after construction. 

Let it be assumed a given object or purpose is to be accomplished 
by certain well defined means, or by one method, in a given interval 
of time. Then, if the same result can be reached by another method, 
involving construction expenditures only one-half or one-third as 
large, this second method is far in excess of the estimated difference 
in cost under favorable and known conditions; for it may be neces- 
sary to carry out the work under conditions that are not favorable 
and known. 

Speaking generally, there is no doubt that a large area of land 
can be purchased at less cost per acre than a small area, but the 
large area cannot be covered with brick or concrete structures with- 
out involving greater risks. Bonding and insurance companies would 
recognize that fact. There is evidence to show that no class of fil- 
tration work is exempt from accident and failure. 

Mb. H. C. Hodgkins: If the speaker has read this paper correctly 
the charge in one instance for interest and depreciation was 5 per 
cent; in Mr. Fuller's paper he gave the rate for interest and depre- 
ciation at 4.75 per cent. This calls to mind an article prepared by 
a member of this Association in which he undertook to work out a 
rate charge, and in which he figures out depreciation and interest 
charges at an average of 8 per cent; that paper is a matter of record. 

Now it has impressed the speaker that, if he was putting some 
money into a filter plant of his own, he would want to see more than 
5 per cent for interest and depreciation, the proper rate ought to be 
higher than that in estimating the cost of any engineering structure. 

Mb. J. N. Chesteb: This discussion reminds the speaker of the 
old saying that the first story-teller "don't stand no show." If it 
comes to reciting costs, of course any cost may be questioned. The 
first filter with which the speaker was connected was a slow sand 
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filter, the third built in the United States; built and in operation 
along the New Haven Railroad thirteen miles from the Grand Cen- 
tral Station, New York City. It was built twenty years ago. The 
speaker was not called in to say that it should be built; but learned 
afterwards that the company, not the present owners, wanted to 
issue some bonds and they thought it would be a good thing to have 
some construction work in progress, so they commissioned him to 
build a filter plant. They did not ask for an estimate at all, but 
gave directions to build it. There were no plans made, other than 
a sketch on the back of an envelope. We succeeded in building a 
plant covering 1.4 acres for $22,000. We created that filter by 
damming off part of a reservoir. We took no precautions to keep 
out the ground water, of which we had considerable. We obtained 
our sand, which was excellent, from a bank adjacent to the site; 
our stone and our gravel came from the same source. We shipped 
in little. We used wooden boxes for under drains; we had no clear 
water basin other than a small suction well; and no sedimentation 
basin. You will allow that this plant should filter at least 4,000,000 
or 5,000,000 gallons per day, so here is a slow sand unit with which 
you can compare. 

We frequently get in our office a commission to design a small 
filter plant, and generally where a small filter plant is wanted there 
is a minimum amount of money available. It is not exceptional to 
build a half million gallon unit, or anywhere from that to a 1,000,000 
gallon unit, at from $5,000 to $10,000. But how do we do it? 
Sometimes we put up two small wooden tubs that constitute the 
filters. We will probably put in wrought iron manifold systems. 
We will wash with direct pressure from high pressure mains. For 
sedimentation we may put in wooden tanks. For coagulant tanks 
we may set up a couple of barrels, and we will improvise the orifice 
boxes. We will use hand valves and wrought iron pipe throughout. 
When we get through they will have a filter plant that will probably 
filter as good as anybody's, but it will depreciate very rapidly and it 
will incur a high cost of operation. However, the state board of 
health has ordered them to filter. They have only so much money 
and they say, "Won't you please. Sir, design us a plant that we can 
put in with that amount?" But it is not fair to compare those 
prices with prices of up-to-date plants. When that Moimt Vernon 
filter plant was built we paid $1 for the day laborer. We could 
stand over those men with a whip and crack it vigorously. We got 
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three days' work measured by the day's work that a man does today. 
It was in the worst part of the panic of 1893 and 1894, and we of 
course availed ourselves of the low price of labor, and paid nothing 
for the material, so it only cost the labor. 

In earlier years, in designing and building filter plants we did not 
design such a plant as is ordinarily built today, but we put in a num- 
ber of tubs or imits and built a house over them. There are a great 
many of those filter plants over the country today. 

Today when you start to build a 10,000,000 gallon or 20,000,000 
gallon filter, you put a whole lot of money into what we call a 
"head house" or "coagulation house," or the administration build- 
ing, or whatever you may please to call it. You will spend $2,000 
or $4,000 or even $6,000 per million gallons for that element of the 
filter. You can design them for as little or as much as you or your 
client demands. The more you pay for, the more you have, and 
the less you pay for, the less you have. You take a half million 
imit filter plant, with hand-operated valves, 6 inches in size, and 
then you increase the size of the vmit to 1,000,000 gallons and begin 
to think about hydraulic valves, and you will have to add several 
hundred dollars per million gallons for that single thought. It is 
easy to criticise someone's prices or someone's statement without 
analyzing. 

Pressure filters may get a good hold again, but the speaker does 
not see just how they can be quite as acceptable as open filters; and 
his reasons for thinking so are something on the same line as Mr. 
Hansen's. You can put water into a sedimentation coagulation 
basin after first coagulating it, then pick it up with pumps and send 
it through the filters; but in so doing you handle your floe pretty 
roughly. The speaker does not say that pressure filters will not 
do good work, for the pressure type of filters at Little Rock and 
Chattanooga are still doing good work, but working under gravity 
pressure. They are not as desirable as open filters because we 
can not see what is going on. When you build such filters horizontal 
you get a curve on them that makes trouble. Mr. Weston can 
testify to that for he tested the first pressure filters that the speaker 
ever had to do with, and we found that there was clay in the seg- 
ments of the filters that projected out over the strainers. Let the 
speaker say that he has found that same trouble in every horizontal 
filter with which he has had to do. 

Finally regarding Mr. Hawley's comments and the results that 
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he shows, let the speaker caution you who are expecting such results 
that the credit is not due the filter company that built the plant or 
the engineers that did the designing, but the very careful manner 
m which it is operated. 

Mr. George A. Johnson (author's closure) : The author has read 
Mr. Gregory's discussion of his paper with much interest. 

It is undoubtedly true, as Mr. Gregory states, that at Albany, 
Philadelphia, Pittsburgh, Cincumati and Columbus the sites selected 
for the filtration plants, which were later built, were well advised. 
Nevertheless, the author still contends that there is always bound 
to be a wide difference in the cost of land for slow sand and rapid 
sand filter plants, the same roughly approximating a ratio of 20 to 
1, as stated. 

In citing his exceptions to the author's viewpoint, Mr. Gregory 
bases his conclusions that the above ratio is too high mainly upon 
the condition which sometimes obtains, wherein a large tract of 
land can be bought for a sum not much greater than that demanded 
for a small portion of the same tract. In such a case it may be, 
and often is, good business policy to acquire the larger tract, even 
though only a small part of it actually would be utilized for the 
filter plant. The balance would have a value that should not stand 
as a charge against the cost of land for the filter plant, and it might 
profitably be sold at some future time if desired. Does not, there- 
fore, the relative cost of land for filter plants of the two types reduce 
itself to a proposition of actual area utilized? Giving to the slow 
sand filter credit for a normal rate of filtration of 5,000,000 gallons 
per acre daily, and to the rapid sand filter a normal rate of 120,000,000 
gallons per acre daily, in a 20,000,000 gallon plant of each type, for 
the filters alone, 4 acres of land would be required for actual slow 
sand filter area as against 0.17 acre for actual rapid sand filter area. 
This is in the ratio of 24 to 1, and the additional groimd required 
for basins, buildings and other parts of plants of both types will 
not reduce this ratio materially. Much larger preliminary settling 
basins are called for in slow sand filter installations than in plants 
of the rapid sand type. A reserve filtering area of some 10 per 
cent is demanded in plants of the slow sand type but not hi plants 
of the rapid sand type; and numerous other items certaiuly will 
tend to hold close up to the mark the required land ratio of 20 to 1, 
as stated by the author. 
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With reference to Mr. Gregory's comments on costs of construc- 
tion of slow and rapid sand filter plants, the author agrees with him 
that it is exceedingly difficult to satisfactorily compare such costs. 
Local conditions always control in a large measure, referring to the 
character of the raw water, topographical conditions, availability 
and cost of building materials, cost of labor, etc. As to reservoir 
capacities, they, too, control, but it is not to be denied that many 
rapid sand filter plants have been provided with needlessly large 
settling basins, whereas this is not true in the case of any slow sand 
filter plant of which the author has knowledge. If it were, then 
such improvements along the line of preparatory treatment as have 
been made at Albany, Washington, Pittsburgh and elsewhere, and such 
as are contemplated at Philadelphia, would have been unnecessary. 

With reference to the cost of the Little Falls, New Jersey, plant, 
Mr. Gregory must know that the desire to avoid double pumping, 
coupled with the very small area of suitable land available and the 
necessity for building the plant on high ground above flood water 
levels, made imperative the strikingly deep basins found at that 
plant. These factors made the cost of this plant as high as it was. 
The coagulating basin provided may have been too small, judged 
by present practice, but the plant was built 12 years ago, before 
such things were as well understood as they are today. Neverthe- 
less the cost of operation and results obtained at the Little Falls 
plant in the dozen years it has been in successful operation com- 
pare most favorably with those at any other filter plant of its type 
in the world. Owing to the existence of several large reservoirs on 
the distribution system a large clear-water basin was not called for. 
The one provided has proved to be of ample size. 

The Columbus plant, which Mr. Gregory cites, is a water soften- 
ing as well as a water filtering plant, therefore large settling capacity 
was called for. Lacking distributing reservoirs it was necessary to 
provide large filtered water reservoir capacity. It therefore is mani- 
festly improper for Mr. Gregory to compare reservoir capacities at 
Columbus and Little Falls, as the controlling conditions at the two 
places are entirely different. 

With reference to Mr. Gregory's comments on the Albany, New 
York, slow sand filter plant, it is true that its present daily capacity, 
due to the addition of preliminary filters to the original layout, and 
certain changes in methods of operation, may be as high as 28,000,000 
gallons instead of 20,000,000 gallons, as stated by the author. But 
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the author wonders whether Mr. Gregory considers this plant in 
the light of a true slow sand filter, and if he has given thought to 
the possibility that, for a large part if not all of the time, the oper- 
ation of the final slow sand filters might possibly be dispensed with, 
without affecting the efliciency of the plant as a whole. This being 
the case, perhaps it might be considered that the Albany plant is, 
to all intents and purposes, a rapid sand filter plant, in which event 
the cost of construction of such parts as are actually necessary would 
be far below the figure given by Mr. Gregory, namely, $14,300 per 
million gallons daily capacity. 

The author agrees with Mr. Gregory that the Philadelphia slow 
sand filter plants were expensive. 

The cost of the Toronto slow sand filter plant, mentioned by Mr. 
Gregory, was not unknown to the author; as extensions to the 
filtration system are being made along radically different lines, he 
did not consider it necessary to mention this plant. Furthermore, 
he was restricting his paper to United States practices. 

The author would not change the weighted average cost of slow 
sand filters given in his paper in consequence of the arguments cited 
by Mr. Gregory, for the above reasons. 

As regards the cost of the Columbus rapid sand filter plant, it is 
to be recalled that this is a water softening as well as filtration plant. 
The total cost of the filtration and softening works is given by Mr. 
Gregory as $17,750 per million gallons daily capacity (Trans. Am. 
Soc. C. E., vol. Ixvii, 1910). The items which should be omitted 
from this figure, if the plant is to be considered as a water filtration 
plant, eliminating the softening feature, are those for the lime 
saturator house ($1080), and mixing tanks ($1470). On account 
of the necessity for providing large settling tanks wherein the soften- 
ing reactions are completed an allowance should be made there. 
Instead of twelve hours' capacity three hours would be ample for 
filtration alone, hence from the item of $168,770 for the full twelve 
hours' settling capacity, or $5630 per miUion gallons daily filtering 
capacity, this item should be reduced to at least $2000, a reduction 
of $3630 per million gallons. The head house, while suitable in 
all ways for a combined water softening and filtration plant, is 
too large and contains apparatus of no use in ordinary water fil- 
tration. The same is true of the storage house which was made 
necessarily large to accommodate the huge reserve supply of soften- 
ing chemicals. 
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From all the above it is clear to the author that his cost of $13,000 
per million gallons for building the Columbus filtration works proper 
is entirely reasonable. 

Much the same argument against Mr. Gregory's viewpoint as 
to the cost of rapid sand filtration works, where the softening acces- 
sories are ehminated, may be made in the case of the Grand Rapids 
plant, referred to by him. 

As to the proposed rapid sand filter plant for New York City, 
mentioned by Mr. Gregory, the author, like Mr. Gregory, also served 
as one of a commission of consulting engineers on this project, and 
is therefore more or less familiar with the matter; and he knows that 
the cost per million gallons daily capacity, were it not for the unusu- 
ally large clear water basin provided for this 320,000,000 gallon 
daily plant, namely, 365,000,000 gallons, would more nearly approach 
$12,500 per million gallons than the figure cited by Mr. Gregory. 
At that the low bid for the entire plant, including the large clear 
water reservoir, was $5,139,015, or $16,060 per million gallons daily 
capacity. 

As to the Cincinnati rapid sand filter plant, the author differs 
from Mr. Gregory in the opinion that the large storage reservoirs, 
providing at the present time some six days' storage, should be con- 
sidered a part of the filtration plant. He does not consider any 
such preliminary sedimentation of the raw Ohio River water neces- 
sary, nor would he provide it. In his recent consideration of rapid 
sand filtration for the city of Wheeling, West Virginia, he made no 
such provision, deeming it an unnecessary and uncalled for ex- 
pense. 

The New Orleans rapid sand filter plant, cited by Mr. Gregory, 
was an unusually expensive one to build, owing to bad founda- 
tion conditions, a point not mentioned by Mr. Gregory when 
stating the cost of this plant as $30,200 per million gallons daily 
capacity. 

The author does not feel that Mr. Gregory's contentions are sound, 
or that he has made out a clear case that the author's cost for rapid 
sand filters is too low, and for slow sand filters too high. The author 
holds no brief for rapid sand filters, any more than Mr. Gregory 
does for slow sand filters, and in his paper merely cited a few exam- 
ples which he had no idea would be taken as criteria of the relative 
cost of the two types of plants. In his closing remarks the author 
was particular to state: 
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Questions of cost alone should never govern the manner of dealing with 
problems affecting public health and comfort. It so happens, however, that 
slow sand and rapid sand filtration costs about the same, with the advantage 
of lower cost usually in favor of the rapid sand process. A human life is cus- 
tomarily valued at $5000 and a difference of even $15 per million gallons for 
water filtration, one way or the other, amounts in a year's time to about the 
value of one human life. 

Mr. Maignen's remarks relative to the actual inefficiency of pre- 
liminary filters are interesting. Such filters had their origin in the 
desire to relieve the final slow sand filters of their occasional un- 
bearable load of suspended matter. But, as Mr. Maignen says, they 
take out the coarse particles and allow the finer particles to pass 
onto the slow sand filter into which they penetrate to considerable 
depth, indeed sometimes passing entirely through them, as at Torres- 
dale. Therefore, to make preliminary filters efficient it is necessary 
to use coagulants, and when the preliminary filters are properly 
built and operated and coagulants are used, of what earthly use 
are the final slow sand filters, particularly when the filtered effluent 
is sterilized? 

Mr. Hawley's reference to the Pittsburgh filter plant may, perhaps, 
create an erroneous impression with respect to the exceedingly good 
work which is being done by that plant. Nevertheless the author 
is in thorough accord with Mr. Hawley in the belief that if the purifi- 
cation of the Allegheny River at Pittsburgh were to be considered 
as a new problem today, rapid sand filters would be adopted. The 
original plant, by virtue of highly skilled supervision, has done 
and is now doing excellent work; but as good, if not even better, 
work could be done by a regulation rapid sand filter plant, and the 
operation of such a plant would be far less difficult. 

Mr. Hawley's description of the results obtained at theWilkins- 
burg, Pennsylvania, plant are most interesting and instructive. 

Regarding Mr. Chester's remarks on costs of construction, the 
author realizes, of course, that local conditions and local ideas 
largely control such matters. He knows that at some places the 
muddy character of the raw water makes it expedient to use larger 
settling basins than would be demanded at other places where the 
turbidity of the raw water is lower. Nevertheless he believes this 
idea has been carried much too far in some cases, as very muddy 
waters usually contain a large percentage of heavy sediment which 
will settle out in a very short time. 
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If it is desired by a given community to minimize the cost of the 
filtration works, then it assuredly can be done by cutting out what 
Mr. Trautwine calls "frills." Conversely, if civic pride impels 
another community to "go the limit" on such things, and make the 
works "a beauty and a joy forever," then the cost of the works will 
increase accordingly. In other words, it is perfectly possible to con- 
struct in a suitable manner, well appearing, fully equipped filter 
plants of modem design for the figures given in the author's paper, 
and do so without in the sUghtest degree impairing the stability 
or efficiency of the plant. 

The author heartily agrees with Mr. Leisen that the whole sub- 
ject covered by the author's paper should be thoroughly discussed 
without passion or prejudice, and has been pleased to note that for 
the most part the various discussions submitted have been along 
that line. 

The author cannot subscribe to Mr. Weston's conclusion that for 
iron removal the slow sand filter is cheaper and better than the rapid 
sand filter. He wishes Mr. Weston had cited a few examples and 
experiences to support his statement 

Mr. Armstrong's statement that the cost of the Baltimore rapid 
sand filter plant, now building, will be less than $12,000 per million 
gallons, comes from a source, the refiability of which must be recog- 
nized. It merely goes to show that whether or not some rapid 
sand filter plants have cost more than $12,500 per million gallons 
capacity, there are many which have been and are being built for 
even less. 

Mr. Trautwine's historical sketch of the development of the fil- 
tration problem in Philadelphia is most interesting. It still remains 
a good deal of a mystery to many others besides Mr. Trautwine why 
the slow sand process was finally adopted at Philadelphia. 

Mr. Milligan's discussion of construction cost factors, and the 
relative applicabiUty of slow and rapid filters for iron removal is 
along the line of the author's own ideas. 

One point brought up by Mr. MiUigan the author wishes to com- 
ment on at length. This refers to the statement, or suggestion, 
made on March 10, when the author addressed the New York Sec- 
tion of this Association on the subject matter of this paper. The 
statement referred to was in effect that whereas with both types of 
filters there followed about the same reduction in the tj^jhoid fever 
death rate among the consumers, the total death rate was materially 
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reduced among the users of slow sand filtered water while among 
the users of rapid sand filtered water such reductions were not noted; 
in fact in some instances sharp increases in the total death rate had 
followed the introduction of rapid sand filters. 

This statement created considerable of a sensation, and accord- 
ingly the author wrote to the health authorities in several cities for 
data bearing on the point in question. In the following table (p. 516) 
the data received from eight slow sand and seven rapid sand filter 
cities are presented in detail. 

So far as such statistics may be relied upon, and they are all that 
we have from which to judge such things, it is seen that, speaking 
broadly, there is nothing to choose between the two systems so far 
as concerns the relative reduction in the total death rate and the 
tjTJhoid fever death rate as the result of filtration of the water supply. 
This is made somewhat clearer in the following table wherein the 
figures given in the foregoing table are condensed. Mr. Milligan's 
figures tell the same story. 

Total death rate and typhoid fever death rate in cities before and after filtration 







KIND OF FILTBATIOM 




Slow 
Sand 


Rapid 
Sand 


Total death rate per 100,000 . . 


Before filtration 

After filtration 


1863 

1688 

70 

27 

9 

61 


1883 

1778 


Typhoid death rate per 100,000 | 


Before filtration 

After filtration 


64 

22 


Per cent reduction after fil- 1 


Total 


6 


tration J 


Typhoid 


66 









It is perfectly clear why this should be and is so. The typhoid 
fever death rate is reduced equally by both systems, but variations 
in the total death rate, which is many times the typhoid fever death 
rate, are caused by outbreaks of specific diseases other than typhoid 
fever and due to other than water-borne diseases. Infantile diseases, 
accountable for a higher infantile death rate some years than others, 
probably are responsible for the majority of sharp variations from 
the normal in the total death rate. Improved general sanitary con- 
ditions will always be followed by a decreased total death rate. 
Campaigns for purer milk suppUes, fly elimination, improved hos- 
pital facilities and so on, will always effect a reduction in the total 
death rate. 
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Mr. Dallyn's comments relative to the necessity of eliminating 
the infant death rate in order to obtain something like a definite 
value from vital statistics is a point well taken. 

As to Mr. Hansen's comments on pressure filters, the author is 
of the opinion that the main reason why they are not in such favor 
as gravity filters is that in the past they have been looked upon as 
automatic and requiring but very little attention. They are not 
so capable of control as are gravity filters, and consequently are 
more liable to go wrong. But if the efiiuent is sterilized they cer- 
tainly have a field of usefulness which is by no means small. In 
other words water sterilization, as developed in the past five or six 
years, will do as much toward furthering the field of usefulness of 
pressure filters as for any other type of filter. 

Mr. Burdick's contention relative to the actual cost of filtration, 
based on the ground that most filtration plants operate at only some 
two-thirds their full capacity throughout the year, has considerable 
merit. He believes on this account that the fixed charges men- 
tioned by the author should in some cases be increased by about 
50 per cent. Now in a measure this is true. Of course it cuts both 
ways, perhaps, other things being equal, a little deeper with slow 
sand filters on account of the greater reserve areas required. But 
it has always been the custom to design filtration plants of capacities 
considerably in excess of immediate needs in order to anticipate 
emergencies. A filter plant must be prepared to handle peak loads, 
for water consimiptions vary greatly with the seasons, and increased 
water consumption frequently is to be expected following the sub- 
stitution of pure filtered water for the former impure and unsightly 
supply. The average daily consimaption throughout a given year 
cannot be taken as governing the size of filter plant to be built. 

To Mr. Dunham's comments regarding the element of risk enter- 
ing into questions of cost of construction the author would state 
his entire coincidence. 

In some measure Mr. Hodgkins is right on the proposition of 5 
per cent interest charges; but he includes depreciation. The figure 
used by the author was for interest on the investment, solely, but 
feeling that the comparison between the two types of filters was 
not thereby affected, and since he was not striving at exceptional 
accuracy as to costs, as the closing paragraph of his reply to Mr. 
Gregory's discussion will show, perhaps he was not any too specific. 
Even in these hard times, though, there is still considerable money. 
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on relatively large investments, to be had at even less than 5 per 
cent. 

The author notes Mr. Whipple's statement that the rapid sand 
process predominates at the present time, and in view of what Mr. 
West has to say about the proposed changes at the Torresdale plant, 
and what is being done at Albany and elsewhere, it seems very clear 
to the author that the degree of predominance of the rapid sand idea 
is much greater than appears on paper at this date. 

It is very true that the use of oxygenated compounds of lime and 
soda has materially broadened the field of filtration in general, and 
the author knows that this applies %vith quite as great force to slow 
sand filter plants as to rapid sand filter plants, probably more in 
the case of the former, which are well known to show greater evidences 
of hygienic failure in the colder months of the year. 

Mr. Whipple's strictures regarding the cost statistics given by the 
author are graciously noted. These figures were merely shown in 
a suggestive way, and were not intended to be taken as criteria. 
Nevertheless the author would appreciate having Mr. Whipple exer- 
cise his well-kno^vn statistical ability, and give to the profession the 
complete data on comparative costs he seems to think necessary. 
The author trusts that when Mr. Whipple attempts this trifling 
task he will detail all his figures and not lay himself open to the 
criticism he himself directs at the author. 

Mr. Whipple criticises the author's statement that slow sand 
filters are out of their element when chemicals are used in connection 
with their operation, and states that by studjang the cost and results 
of operation at Springfield, Massachusetts, and Washington, D. C, 
one maj' learn that chemicals may be economically applied with 
great benefit. Looking at the matter broadly, however, the author 
believes his own position to be prefectly correct. Furthermore, he 
cannot refrain from quoting in this connection the sound and logical 
conclusion of Mr. Allen Hazen, in his book, Clean Water and How 
to Get it (1914, pp. 95-6). 

Sand filters are used in connection with various preliminary treatments, 
bi:t, generally speaking, they are adapted to treating only such waters as are 
capable of being purified in that way without any preliminary treatments, or 
with only rough and inexpensive treatments. If the water ordinarily requires 
coagulation, then, as a rule, it will be better to make the coagulation thorough 
and use mechanical filters for the final treatment. 
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As to the hygienic efficiency of filtration, the author is inclined to 
believe with Mr. Whipple that it actually is nearer 100 per cent than 
70 per cent, as stated by the author, the residual typhoid in cities 
having well built and well operated water filtration works coming 
from other sources than the public water supply. He is gratified 
to note that Mr. Whipple agrees with him in that water filtration 
is capable of preventing the spread of water-borne diseases, and 
that from a hygienic standpoint there is little to choose between 
the slow sand and rapid sand filtration processes. 

The author differs from Mr. Whipple on the proposition that poor 
operation of rapid sand filters is likely to do more damage than poor 
operation of slow sand filters. Neither type of filter will run itself, 
and if anything happens to a slow sand filter it is out of commission 
for days, while with a rapid sand filter the error, if such occurs, can 
be, and usually is, remedied almost at once. He agrees with Mr. 
Whipple, however, that it is far more difficult to secure in small 
plants the high degree of expert supervision ordinarily true in large 
plants. This is not a fault or weakness of filtration processes but 
due entirely to local politics and false ideas of economy. 

As to Mr. Whipple's closing remarks, the author has never denied 
that slow sand filtration may have a field of usefulness, but it cer- 
tainly is a small one as shown by facts published by others than the 
author. Mr. Whipple is clearly mistaken in his assertion that most 
engineers have long since ceased to talk about the relative merits of 
slow sand and rapid sand filtration, for it is a fact that the majority 
of engineers have foresworn such undivided allegiance as they may 
formerly have held to the slow sand process, and are now supporting 
the rapid sand process. The developments of the last ten years 
alone prove that. 

The author agrees with Mr. Caird that something might have 
been said about the status of filtration practices abroad. He thought, 
however, that one bite at a time, reasonably well Fletcherized, was 
about enough, and accordingly restricted his efforts to the United 
States. He would say, however, that in western Europe, where the 
waters are relatively clear, the slow sand filter still predominates, 
although there are notable examples of rapid sand filters in that 
region, as at Trieste, Austria; Posen, Germany; and Helsingfors, 
Finland. In the Far East, India and Egypt, where the raw waters 
usually are muddier and more nearly to be compared with our cen- 
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tral western waters, the rapid sand process has made great strides 
in recent years; the more notable of the recent installations of 
plants of that type being those at Cairo, Egypt; Bangalore, Dacca 
and Hubli, India; Bankok, Siam; Taihoku, Formosa; Inkao, Man- 
churia; and Kyoto, Japan. The last named plant treats the waters 
of Lake Biwa, which are rarely very muddy, as we understand the 
term. 

Altogether there are rapid sand filter plants scattered throughout 
Canada, Mexico, Colombia, Australia, England, Scotland, Finland, 
Holland, Roumania, Austria, Russia, Egypt, India, Siam, China, 
Japan and elsewhere, having at the present time a daily filtering 
capacitj'' of about 150,000,000 gallons. 

Mr. Caird's comparison of results obtained at the Washington, 
D. C, slow sand filter plant, and at the Elmira, New York, rapid 
sand filter plant, are interesting and instructive. 

With reference to Mr. Caird's conclusion that strainer heads are 
to be preferred to the newer form of underdrains where wire or 
perforated plate screens are placed over concrete chaimels containing 
gravel, the author was interested in noting, during a recent visit 
to the Cincinnati, Ohio, plant, that as fast as these screens fail at 
that plant they are being dispensed with entirely, having proved of 
no advantage. 

Mr. EUms furnishes vital statistics from Cincinnati which further 
demonstrate the untenability of the idea that while with slow sand 
filtration the total as well as the typhoid death rate is markedly 
diminished, with rapid sand filtration such reductions in the total 
death rate are not noted. His data are convincing, and it is thought 
that by taking these figures, together with those appearing in Mr. 
Milligan's discussion, aind the author's contribution in connection 
with the same, this perfectly weird assumption (and it is nothing 
more) has been shown up in its true light. 

Mr. Fuller's well-balanced, fair and logical statements are a source 
of much gratification to the author who finds no occasion to com- 
ment upon them for the reason that his own thoughts are in entire 
accord with the views expressed by Mr. Fuller. 

Mr. Buerger furnishes some valuable figures on the cost of con- 
struction of slow sand and rapid sand filter plants, but the author 
will not comment upon them specifically, merely taking occasion to 
state that as manj'' more examples could be given where the costs 
would be all the other way. As an example, take the Trenton, 
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New Jersey, rapid sand filter plant, which is now nearing completion. 
This plant has a daily capacity of 30,000,000 gallons, and repre- 
sents, to the author's way of thinking, a very good example 
of a thoroughly well-equipped, modem, compact water filtration 
plant, devoid of unnecessary embellishments, but in all ways archi- 
tecturally presentable. This plant, omitting the cost of the low- 
lift pumping equipment, but including everything else, will cost 
$12,000 per million gallons capacity. 

Prompted by Mr. Buerger the author finds that he did inadvert- 
ently include a pumping station charge of $1.24 for the cost of 
operation of the Washington, D. C, filtration plant. This reduces 
the weighted average given by the author as the cost of operation 
of the seven slow sand filters by $0.15 per million gallons. 

Mr. Buerger's remarks regarding improvements in the design of 
preliminary filters are interesting, but unlike Mr. Buerger the author 
does not feel that there will be any preliminary filters in 1922. 

Mr. West's discussion, to the author's way of thinking, is of much 
value for the reason that the views of one who has under his imme- 
diate charge the largest filter plant in America are views which 
safely may be taken with very little, if any, salting. 

His statement that when the Torresdale plant has been altered 
so that coagulants may be used in conjunction with the present 
preliminary rapid sand filters it will be possible to by-pass the final 
slow sand filters for nearly 80 per cent of the time is one which may 
surprise some, but which is no surprise to the author, who worked 
on the Philadelphia water problem over a dozen years ago, and 
realized it then. 

Mr. West calls attention to the fact that the author made no 
particular reference in his paper to the use of sterilizing agents in 
connection with filtration. This is true, but in a former paper, 
written for the United States Government (Water Supply Paper 
No. 315,1913, pp. 71-2) the author stated: 

Where waters are unsatisfactory in physical appearance and are also pol- 
luted and require filtration, the combined use of filters and the hypochlorite 
process is called for. As an adjunct to filtration processes it (sterilization) 
has a distinct field of applicability, for at a moderate cost it insures a water 
above suspicion. Furthermore, there is brought about a considerable decrease 
in the first cost of the filtration plant. This is made possible by the use of higher 
rates of filtration, and the required filter area may therefore be reduced. It 
also effects a substantial economy in the cost of operation. 
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Mr. West's comments relative to the shortening of runs on slow 
sand filters, due to microscopic growths, are interesting. In an 
address delivered at the Milwaukee convention of the American 
Public Health Association, in 1910, the author cited as one of the 
advantages of the hypochlorite process, the fact that it brings about 
reduced clogging of the filter beds with a consequent lengthening 
of the runs between cleanings, due to the destruction of various 
forms of algae. 

In closing it appears that a statement is required from the author 
in reply to certain insinuations which appear here and there in the 
various discussions of his paper, indicating that it seems to be the 
idea of some that he holds a brief for the rapid sand filter process. 

So far as the comments contained in his paper may be so inter- 
preted, and because of his thorough belief in the entire applicability 
of the rapid sand process to any and all water purification problems, 
he certainly has spoken in favor of that process in no uncertain terms, 
and in that light perhaps may be considered as holding a brief for 
it, but wishes to be understood as being without the slightest preju- 
dice. The author prepared this paper for the Association because 
of an earnest desire to set forth a few plain facts which up to now 
have been given but scant, fragmentary and scattering publicity. 
He realized in the beginning that the truth might be distasteful to 
some; that he certainly was laying himself open to criticism for seem- 
ing bias, and even might be accused of perverting the facts to the 
advantage of the process he considered superior. Nevertheless it 
has always been his habit to express his beliefs in plain and unvar- 
nished fashion, and back them up with actual data. He thinks he 
has done so in this case; and if unconsciously he has prepared a brief 
for rapid sand filters merely because of a desire to set forth the truth 
as he sees it, he cannot see that there is any help for it now and is 
prepared to accept the consequences, whatever they may be. 

Finally, and at the risk of a paradox, to the author's mind the 
most interesting feature of a paper of this kind is the opposition it 
develops. He trusts he has answered in an adequate manner such 
dissenting comments as appear in the discussion, and desires to 
express his full appreciation to those who participated in the dis- 
cussion, for many new thoughts have been brought out in a ma- 
terial fashion which add to whatever value the paper may possess. 



